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the professional decision and choose ORIC. Send for our comprehensive 
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days with a money back guarantee if you’re not delighted. 
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Amateur satellite tracker 
continuously adjusts aerial to track 
one of four amateur and weather 
satellites under the control of a PEI 
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Rmcron 

INDUSTRIAL 

MUSCLE 


^ _C-45KHz±1dB. 

i OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD 
rcONTINUOUS R.M.S.) 

★ D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA. 

it HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1 kW INTO 6 

★ PLUcf-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION 
OSCILLATORS. 

★ UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION 

GENERAT0RS,AND MANY OTHERS. . ^ „ 

★ OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH 
VIRTUALLY ANY LOAD. 

★ FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE 
INTO ANY LOAD. 

★ TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW. 

★ INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS. 

, ★ 3-YEAR PARTS AND LABOUR WARRANTY. 

★ UNITS AVAILABLE FROM 100VA-12KV^ 


\A 



For full details on all Amcron Products write or phone Chris Flack 


P.O. BOX 3 
ATTLEBOROUGH 
NORFOLK NR17 2PF 
Tel: 0953:452477 __ 


Model — M600 


Analogue Associates 


PROFESSIONAL INDUSTRIAL ELECTRONICS 


RB3D. TRADE MARK 


TEONEX 



• 


TEONEX ELECTRONIC VALVES 
AND SEMICONDUCTORS 

SERVING THE WORLD FOR 30 YEARS 

We specialise in the supply of 
Industrial Valves of British, European and USA manufacture, 
and semiconductors from the Philips Group. 

Many types, including obsolete and obsolescent types, 
always available from stock. 

For further details, contact Mrs. Janet Lowy. 

T.O. SUPPLIES (EXPORT) LTD., 2A Westbourne Grove Mews, London Wll 2RY. 
Telephone: (01) 727 3421 Telex: 262256 Answerback TOSPLY G 
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Electronic Brokers are Europe’s leading Second User Equipment Company. We carry large stocks of the very latest test 
equipment which is refurbished in our own service laboratories and calibrated to meet the manufacturer’s sales specifications. 
When you buy used equipment from Electronic Brokers, it can be yours in just days. No waiting for manufacturers lengthy 
:hedules. All . • 


production schedules. All equipment is fully guaranteed. 


ANALYSERS 

606-3 Line Deturbence Monitor £2500.00 

1*411/85^6/8^46. lOOKHz-ISSOMHz 

.£6500 

141T/85526/6555A10MHz-l 6GHz 


£455.00 

35624 Spectrum Anelyser 

0.02HZ-25.5KHZ. £8350.00 

5420A Digital Signal Analyser c/w Digital 
filter 544706. A/D Converter 54410A 


OSCILLOSCOPES 

Hewlett Packard 

1 SOSA 10OMHz 4 Channel Plug In 

.£ 2000.00 

1821 A Tmnebase Plug m. £1000.00 

^l32 Dual 6eam 10MHz ... £495.00 
PM 3234 True Dual 6eam Storage 
~ “ lOMHzNewCfiT .£1500.00 


7685 Delaying Time 8ase for 700 Sene: 


7D14 Digital Counter. 525MHz £850.00 

7M11 Dual 50n Delay Line. £575.00 

7S14 Dual Trace Deteyed Sweep Sampler 

DC-1 GHz. £3250.00 

SI Sempling Head (unused). £450.00 

SIGNAL SOURCES 


8407/V/8412A Network Analyser 

£1550.00 

8444A Tracking Gen. For use with 8554B 


TF2331A Distortion 20Hz - 20KH2 to 


213Minscope/DMM Battery 


.fiSSOO.OO 

T922-01 15MH2 DT Scope Diff. iiW 

.£515.00 

200CTrol^ for 400 Series.. - 

™3 Dual Tree -—- 


Less than 0.05%. 


AA501 opt 01. C 

to Less than O.OCwwrw.... 

DF1 Depiay Formatter For 7D01. £750.00 
0F2 Dimtav Formatter with 

lEEEE^B/ASCII. £1000.00 

308 Portable 8 Channel 20MHz Data 
Analyser £1950.00 

491 Spectrum Analyser 10MH2-40GH2 

£7000.00 

492 (opt 01.2.3] Spectrum Analyser 

50KR2.220GHz. . £14000.00 

492P(opt01.2. 3) Programmable Version 

of 492 . £20000.00 

7L5 Spectrum Analyser with opt 25 

7L12 Spectrum Analyser 10OKHz^^Hj^ 

7113 Spectrum Analyser 1 KHz-1 BGHz 

.£7800.00 

7L14 Spectrum Analyser 10KHz-1 .SGHz 


7313 1 (X)MHz Storage Mainframe 

.£2285.00 

7603 10OMHz Mainframe. £1450.00 

5223 Dotal Storage 10MHz... £2000.00 

5440 50MH2 MaSSrame.£10r“ 

5441 50MH2 Venable Persistance St 

X-g.£1S0w.wv 

Hz Scope Mainframe £11,500.00 
:ope DC-200MHZ Mainframe 

£1050.00 


61681.8-4.2GH2 int or ext PCM/FM 

0.VV-0.224V. £1000.00 

651B Test Oscillator. lOHz-IOMHz. 

0.1mV-3.16V. £415.00 

3320A Frequency Synthesizer. 0.01 Hz- 
13MHz... £995.00 

TF2120 6.0008HZ-1 OOKHz Waveform 

Generator. £900.00 

TF2008 AM/FM 10KHz-51 OMHz bmlt i 

ir. Ou^t 0.2 hV-;-- 

_3AH-TF21"'' ^ - 

lOKHz-102MHz. 

TF2169 Pulse Modulator for i 

TF2015orTF2016.CSOO.Dl 

PM6456 Stereo Generetor. £250.0( 

Racal 

9081 AM. FM. Phase and Pulse Synthestze< 
5-520MHZ. £2200.01 


TF2016A 4- fF2173 Synchroniser AM/FM 


PG508 Pulse Generator 5Hz-50MHz 

.£ 1100.00 

SC502 15MHz Dual Trace Scope £ 1000.00 
SC504eOMHz Dual Trace Scope £1850.00 
SG503 Smewave Generator 250KHz- 

250MHz. £950.00 

5G504 Smewave Generator 245MHz- 

1050MHz. £1950.00 

TG501 Ttmemark Generator £950.00 

TM515 Mainframe [5 wide] £350.00 

TEKTRONIX TV TEST 
EQUIPMENT 

141A PAL Test Signal Germtor £1750.00 


__-. £2950.00 

651 HR 12 PAL Colour Monitor (Mmt] 

£3250.00 

655HR-1 TV Colour Picture Monitor 
[NTSC PAL RGB] . £3800.00 

656HR PAUSECAM Monitor £3900.00 

■ 141 IR TV Generator Vanous Systems 


2209 Sound Level Meter 


883 AC/DC Orfterential 


7844 Dual Beam 400MHz Mainframe 


AF501 Bandpass Rlter/Amplifier . £400.00 
AM501 Op ^p Gam 10.000 .. £300.00 
AM502 Diff. Amp GaxM - 10OK £500.00 
DM502A True R M S 3V^ digit DMM 


5340A Counter 10Hz 1 BGHz 8 O* 


7904 opt 02,03 500MHz.. 
SI SamplinQ Head. A“ 
.P6015HVPi^... 


DCS03A125MHz Counter. £450.00 

DC505A 225MHz Counter. £800.00 

DCSOBA10Hz - 1.3 GHz 9 Digit £900.00 

00501 Digital Delay. £495.00 

FG501 Function Generator 0.001Hz- 


7Li 8 Spectrum Analyser 1 
f^9 fracking Generator'[for 7li 2rf 3"& 


£8350.00 

7D01 16 Channel 10OMHz Sample Rate 

£2450.00 

7D02opt01 Logc Analyser 


TM4b20 Set of Inductors. £350. 

Wayne Kerr 

B&42LCR0.1%. £795. 

SR 268 Source & Detector. £875. 

DVM’sAND DMM’s 

Oatrwi 

1059 Sench DMM 5 1/2 digit DC and Tn 
RMS AV volts and current + resistance 


TEKTRONIX PLUG INS 

5A13N Diff. Comparator DC — 2MHz 

.£875.00 

5A1 BN Dual Trace DC - 2MHz.. £375.00 
5A48 Dual Trace Amp 0C-50MHz 

e^na.oo 

5B12N Dual Sweep Time 
5B25N Digital Time Bast 
5B42 Delay Timebase... 


33 Function (Seneretor 1 Hz-3MHz 


rSOiQit 

£3750.00 

8403A Mod-ilator Rtted With 8732B PIN 
MODULATOR £1500.00 

8482H Power Sensor 10OKHz 4 2GHz AS 

NEW. . £850.00 

8745AS Parameter Test Set Fitted with 
11604A Universal Arms 0 1 -2GHz 

£8750.00 

S9308A HP-IB Timmg Generator £300.00 
TF2162MF Attenuator ai11dB £165.00 

NSG 509 5KV Insulation Tester £785.00 

TektroniR 

106 Square Wave Generator 1 nS nsetime 
1 OHz 1 MHz without accessories £175.00 
284 Pulse Generator 70pS nsetime £850.00 
:::: : Tester E82S.00 

833 Data Comms Teste- £1350.00 


£500.00 


5B25N Digital Tir 

5B42DelByTimeL... 

7A11 DC - 250MHz with built in FET probe 

.£14M.OO 

7A13 Diff. Conperator Amp. DC-105MHz 

.£1500.00 

7A16A Single Trace Amp. DC-225MHz 

.£485.00 

7A18 Dual Trace Amp, DC-75MHZ 

7 A19 opt 04 . DC - 600MHz with variable 

delw.£145e 

7A22 Diff. Arr^. DC-1 MHz 10^V/Div 

.£529 

7A29 Dual Trace Amp. DC-16Hz 

.£185e 

7B10 Delayed Time Base for 7104 


7055 Microprocessor DMM. Scale Length 
20.000, AC/DC volts, resistance. VV 
resolution. £495.00 
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7B53A Dual Timebase For us 


£1400.00 


832 Data Comms Ti 

833 Data Comms Ti _ 

2901 Time Mark Generau 

Please note; Prices shown do not include VAT or carriage. 
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When the 
power fails 
or falters 
Galatreklets 
you carry on. 


Uninterruptible Power Supplies - 
UPS CVT Reliability 125va to 50kva, 50 or 60hz. 

■ STANDBY POWER. Invaluable for winding down a 
computer programme on mains failure and wherever 
continuous power is essential. 

■ STABILISATION. ±3% Vital to combat mains voltage 
fluctuations and ensure the operation of equipment at 
peak efficiency. Frequency stabilised iO. 1 % 47 to 65Hz. 

■ TRANSIENT ATTENUATION. Provides suppression of 
mains born interference (spikes). Model above £795 


Line Conditioners 
from 




For more information, cut the coupon. 

Galatrek International, FREEPOST, Scotland Street, 
Llanrwst,nr. Llandudno, Gwynedd LL260AL, BRITAIN, 
Tel No: 0492-640311/641298, Telex: 617114 A/B Galahu. 
Made and Designed in Britain by Galatrek. 


LALATRB 

MNTERINIAriaNAL 

V Please send me full details of your range of voltage 
stabilisers, filters, cut outs, generatorsandCVT's 
Please send mefulldetails of UPS 
Please send me a requ irement check sheet 
Consultation with Galatrek Engineer 


Company _ 
I Address_ 


^^rade □ OEM □ (please tick where appropriate) (ww/a/sai ^ 
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Electronic Distributors 

22 Milton Road, Westcliff-on-Sea, Essex SSO 7JX 
Tel. Southend (0702) 332338 




6FT. PARABOLIC 
DISHES 

FROM ONLY £85 PLUSV.A.T. 


6ft. dia. dishes, feed horns and electronics for 
use in 4GHz satellite reception. GaAs Fet tran¬ 
sistors, SMA connectors, P.T.F.E., etc. available. 
Please send s.a.e. for full details and data sheets. 

Harrison Bros. 


PRINTED CIRCUITS 

FOR WIRELESS WORLD PROJECTS 


Audiocompressor/limiter—Dec. 1975—1 s.s. (stereo) 

Cassette recorder—May 1976—1 s.s. 

Audio compander—July 1976—1 s.s. 

Audio preamplifier-November 1 976-2 s.s. 

Additional circuits-October 1977-1 s.s. 

■ Stereo coder—April 1977—1 d.s. 2 s.s. 

Low distortion disc amplifier (stereo)—September 1977—1 
Low distortion audio oscillator—September 1977 — 1 s.s. 
Syntfiesized f.m. transceiver—November 1977 — 2 d.s. 1 s 

Morsemaker—June 1978—1 d.s. 

Metal detector—luly 1978—1 d.s. 

Oscilloscope waveform store—October 1978—4 d.s. 

Regulator for car alternator—August 1978—1 s.s. 

Wideband noise reducer—November 1978 — 1 d.s. 

Versatile noise generator—January 1979 — 1 s.s. 

200MHz frequency meter—January 1979—1 d.s. 

High performance preamplifier—February 1979—1 s.s. 

Distortion meter and oscillator—July 1979 — 2 s.s. 

Moving coil preamplifier—August 1979—1 s.s. 

Multi-mode transceiver—October 1979— 10 d.s. 

Amplification system-Oct. 1979-3 preamp 1 poweramp . . 

Digital capacitance meter—April 1 980—2 s.s. 

Colour graphics system—April 1980—1 d.s. 

Audio spectrum analyser—May 1 980—3 s.s. 

' FJoating-bridge power amp-Oct. 1980— 1 s.s. (12V or 

Nanocomp 6802 or 6809 - Jan., July, 1981-1 d.s. 1 s.s. 

Cassette interface - July, 1981-1 s.s. 

Eprom programmer - Jan., 1982- 1 d.s. 


£4.25 

£5.00 

£4.25 

£8.50 

£4.00 

. £8.50 

s s . £2.00 

£3.50 
s. . £12.00 

. £4.50 

£3.75 

£18.00 

£2.00 

£5.00 

£5.00 

£7.00 

. £5.50 

£5.50 

. £3.50 

£35.00. 

.£4.20 each 

£7.50' 


! ' ^ ^ £1o!50 

£8.00 

40V) ... £4.00, 

.£9.00 


Modular frequency counters - March, 1981 - 8 s.s. 

0|3to electronic contact breaker (Oelco) - April, 1981 - 2! 

CB synthesiser - Sept. - 1 d.8. 

Electronic ignition - March, 1982- 1 s.s. 


Boards and glassfibre roller-tinned and drilled. Prices include 
VAT and UK postage. Airmail add 30%, Europe add 10%. In¬ 
surance 10%. Remittance with order to: 


M. R. SABIN, NANCARRAS MILL, THE LEVEL 
CONSTANTINE. FALMOUTH, CORNWALL 


WW - 029 FOR FURTHER DETAILS 


WIRELESS WORLD MARCH 1983 























































SCOOP TEKTRONIX 

^ Or GRAPHICS EQUIPMENT 

HUGE SAVINGS FROM NEW PRICES 
ONLY SLIGHTLY USED — COVERED BY FULL WARRANTY 


GRAPHICS TERMINALS • COLOUR GRAPHICS 
DESKTOP COMPUTERS • PLOTTERS • MONITORS 


4006-1 HIGH RESOLUTION GRAPHICS 
DISPLAY TERMINAL 

Alphanumeric Mode: 35 x 74 characters 
[63 ASCII character set] 

Graphics Matrix: lOSAX x 1024Y , 

Baud Rate: 75 thru 4800 Interface: Standard RS23^ 




£1525 

4010-1 HIGH RESOLUTION GRAPHICS 
DISPLAY TERMINAL 

Alphanumeric Mode: 35 x 74 characters 
[63 ASCII character set] 

Graphics Matrix: 1024X x 1024Y 
Baud Rate: 110 thru 9600 Interface: Standard.RS232j 
Thumbwheel crosshair cursor Intergral Stand 

£2750 

4014-1 and 4015-1 HIGH RESOLUTION BIG (19"] 
SCREEN GRAPHICS DISPLAY TERMINALS 

Alphanumeric Mode: up to 133 x 64 characters 
[94 ASCII character set or 188 ASCII + APL o 
model 4015] 

Graphics Mode: 4096X x 4096Y 
[includes enhanced graphics option] 

Interface Standard 1^232 

Thumbwheel crosshair cursor Integral Stand _ 

4014-1 £S950 4015-1 £7250 4016-1 25" Screen model £8950 

4027 COLOUR GRAPHICS TERMINAL 

Providing 8 displayable colours from a palette of 
64 colours, and 120 user defined patterns 
Interface: Standard RS232 Baud rates: up to 960C 

£5250 

4051 DESKTOP COMPUTER 
PROVIDING 

High resolution Graphics and Alphanumerics, 

33<B Memory, Integral Cartridge Tape Driye 

£2250 

I 4952 OPT. 2 JOYSTICK 

[for 4050 series] sensitive cursor-control 
with .1 % accuracy and XY zero feature 

£275 






DEC SALE 


DEC SYSTEMS 
PDP11/23 SYSTEM 

11 /23 CPU, 12aKB MOS, Dual RL02 
& Control, DLV11J 4-line Interface, 
Cabinet, VT100 Console,.NEW 

£10,975 

PDP11/24 SYSTEM 

11/24 CPU, 25BKB MOS, Dual RL02 
S. Control, Cabinet, VT100 Console, 
NEW 

£15,750 

PDP11/34 SYSTEM 

11 /34 CPU, 256KB MOS, Dual 
RK07 S, Control, Cabinet, LA36 
Console 

£13,725 

PDP11/70 SYSTEM 

11 /70 CPU 1 MB CORE Dual Data 
System Cabinet RM03 & Control, 

LAI 20 Console 

£38,500 

WS78W0RD 

PROCESSOR 

WT78 Word Terminal and Processor 
RX01 Dual Roppy Disk Drive Diablo 
Letter Quality mnter. Complete with 
cabinets and full documentation 

£2950 


4662 INTELLIGENT DIGITAL 
PLOTTER 

Microprocessor Controlled high speed plotting up 
to 10 X 15" with built-in joystick control. 

IEEE general purpose internee 

£1800 

4663 INTELLIGENT DIGITAL 
PLOTTER 

Microprocessor Controlled high speed plotting 
to 17 X 22" with built-in joystick control. 
Standard RS232 Interface. 

Baud rates 11D-960D 

£4000 


606 DISPLAY MONITOR 

5" CRT, 5ml Spot size, XY amplifier DC to 3MHz, 
2-axis amplifier DC to 10MHz 

£650 

SOSA DISPLAY MONITOR 
as above £875 

606B DISPLAY MONITOR 

5" CRT, 3ml Spot size, XY amplifier DC to3MHz, 
2-axis amplifier DC to 5MHz 


607A VARIABLE 
PERSISTENCE DISPLAY 
MONITOR 

5" CRT, Storage view time 3 mins plus, 
XY amplifier OC to 3MHz, 2-axis DC to 51 

£875 


DEC CONTROLLERS 

RH11 [NEW]. £3,000 

RK11D[NEW]. £895 

RK711 . £1,750 

RKV11 . £525 

RX211 . £195 

TMB11 [NEW]. £1,250 

DEC 11/70 MEMORY 

MJ11 BY Memory box including 
Controller and 64KW Core 
[excluding cables] 

MJ11BM 32KW Core Stack 

£600 

DEC PRINTERS AND 
TERMINALS 

LA36 DECwriter II 20mA.... £295 
LA36 DECwriter II RS232 ... £325 
LAI BO-PD DECprinter I 

[NEW]. £495 

VT50 DECscope 20mA. £199 

VT50 DECscope RS232. £225 

VT105 Graphics Terminal . £950 

NEW HAZELTINE VDUS 

Hazeltine1420. £350 

Hazeltine1510. £550 

Hazeltine1520. £625 


611 STORAGE DISPLAY MONITOR 

11" CRT, Storage view time 15 mins plus, XY amplifier. Programmable 
Erase, write-thru, non-store and view functions 

£1450 


VT100-PLUS 

SPECIAL PURCHASE BRAND NEW SURPLUS 



DEC PDT11/130 
PROGRAMMABLE 
DATA TERMINAL 
COMPRISING: 

* VT1 DO with Advanced Video 
Option & Printer Port 

* Integral LSI Processor with 
32l< RAM 

* Integral dual TU58 mini 


New Winter >88/83 Catalogue now out. Sand for your FREE copy now. 

ADD 15 % VAT TO ALL PRICES Carriage and Packing extra 

Electronic Brokers Ltd., 61/65 Kings Cross Road 
London WC1X 9LN. Tel:01-278 3461Telex 298694 | 
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GET 

BIG 


POWER 



.F Modular 
Amplifiers 

the third generation 

Due to continous improvements in components and design ILP 
now launch the largest and most advanced generation of 
modules ever. 


WE'RE INSTRUMENTAL 
OMAMKINGALOT 
OF POWER 

In keeping with ILP's tradition of entirely self-contained modules 
featuring, integral heatsinks, no external components and only 5 
connections required, the range has been optimized for efficiency, 
flexibility, reliability, easy usage, outstanding performance, value 
for money. 

With over 10 years experience in audio amplifier technology ILP 
are recognised as world leaders. 



'NEW to ILP' InCarEnt. 


£17.19 (inc. VAT) 
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HELP FROM LS 


ELECTROIMICS LTD 


PROFEISSIONAl MH THAT EVIRY ENTHUSIAST 
CAN NANNIE... 


Unicase 


Over the years ILP has been aware of the need for a complete 
packaging system for it's products, it has now developed a 
unique system which meets all the requirements for ease of 
assembly, adaptability, ruggedness, modern styling and above 
all price. 

Each Unicase kit contains all the hardware required down to 
the last nut and bolt to build a complete unit without the 
need for any special tools. 

Because of ILP's modular approach, "open plan" construction 
is used and final assembly of the unit parts forms a compact 
aesthetic unit. By this method construction can be achieved in 
under two hours with little experience of electronic wiring 
and mechanical assembly. 

Hi Fi Separates 

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a 
"no frills", low distortion, (<0.01%),,stereo control unit, 
providing inputs for magnetic cartridge, tuner, and tape/ 
monitor facilities. This unit provides the heart of the hi fi 
system and can be used in conjunction with any of the UP 
Unicase series of power amps. For ultimate hum rejection the 
UC1 draws its power from the power amp unit. 

POWER AMPS: The UP series feature a clean line front panel 
incorporating on/off switch and concealed indicator. They are 
designed to compliment the style of the UC1 pre-amp. 
Performance for each unit which includes the appropriate 
power supply, is as specified on the facing page. 

Power Slaves 

Our power slaves, which have numerous uses i.e. 
instrument, discotheque, sound reinforcement, feature in 
addition to the hi fi series, front panel input jack, level 
control, and a carrying handle. Providing the smallest, 
lowest cost, slave on the market in this format. 

UNICASES _ 



30 + 30W/4-8n Bipolar 
60W/4n Bipolar 

60W/8fI Bipolar 

120W/4A Bipolar 

120W/8A Bipolar 

60W/4-8a MOS 

^0W/4-8A MOS 


US IX 60W/4n 

US2X 120W/4A 

US3X 60W/4-8A 

US4X 120\y/4-8A 


Slave £79 


MOS Power Slav 


TO ORDER USING OUR FREEPOST FACILITY 
Fill in the coupon as shown, or write details on a separate sheet of paper, 
quoting the name and date of this journal. By sending your order to our 
address as shown at the bottom of the page opposite, with FREEPOST 

ie envelope, you need not stamp it. We pay postage for 
St be crossed and made payable to I.L.P. 

tered post. To pay C.O.D. 


1 ® 


ELECTPOIMICS LTO ^ 


Please send me the following_ 

Total purchase price__ 

I enclose Chequed] Postal OrdersD Int. Money OrderCZI 
Please debit my Access/Barclaycard No_ 


place of X for 220V lEuri 


Signature 


l/IRELESS WORLD MARCH 1983 
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Middle East Wire &Wireless Ltd. 

TILEMAN HOUSE, 131 UPPER RICHMOND ROAD, PUTNEY, LONDON SW15. TEL: 785 6422, TELEX: 261768 MEWIRE G. 


FULL RANGE OF VHFIUHFRADIOTELEPHONES 
BASEIMOBILEIHAND-HELD AND MARINE RADIOTELEPHONES 



VHF/UHF HAND-HELD TRANSCEIVER 
4 WATT POWER, 6-CHANNEL CAPABILITY 
RUGGED CONSTRUCTION FOR PROFESSIONAL USE 
COMPACT, FIT IN YOUR HAND 
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A/ationaL -fl/nateuz 

T^adlio (?onircntion 

National Exhibition Centre, Birmingham 
Saturday 5th March 10am to 6pm, Sunday 6th March 10am to 5pm 

^FEATURING _ 




Introduction to Amateur 
Radio for Beginners. 

Annual RSGB HF 
Convention. 


0 

0 


Lectures on Propagation, 
VHF and Microwaves. 

Forum for VHF and 
Repeater Enthusiasts. 


Major Exhibition of 

Amateur Equipment & Entrance Fee £2 

Components. Car Parking Free 

Organised by RSGB Exhibition Rally Committee 




Do you know anybody who can build a Digital Pulser for only £18.00? 


The answer is yes—its YOU! 


With GSC’s new DPK-1 kit, you can buiid a sophisticated portabie test 
instrument for stimulus/response testing, it automaticaily delivers just the 
right signal for whichever logic family you’re using - and it’s equally suited 
to single pulses or pulse trains at a frequency of 100 per second. 

The fully featured DPK-1 kit includes all components, leads, circuit board 
and case - and is supplied complete with detailed assembly instructions 
and an operating manual. 

Get rid of your digital h 


il hang-ups; send off for a DPK-1 straight away. 


GLOBAL SPECIALTIES CORPORATION T" 


G.S.C. (UK) LIMITED 

UNIT 1. SHIRE HILL INDUSTRIAL ESTATE 
SAFFRON WALDEN. ESSEX CB11 3AQ 
Telephone: Saffron Walden 10799) 21682 
Telex: 817477 



For FREE 
catalogue 
J tick boxQ 


I enclose PO/Cheque for E- 

Barclaycard/Access/American Express. 


WW - Oil FOR FURTHER DETAILS 
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WATFORD ELECTRONICS 

33/34 CARDIFF ROAD, WATFORD, HERTS, ENGLAND 
MAIL ORDER, CALLERS WELCOME 
Tel. Watford 10923) 40588. Telex: 8956095 


ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS 
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUe 
P.0.1 OR BANKERS DRAFT WITH ORDER OR ACCESS. GOVERNMENT AND EDUCA¬ 
TIONAL INSTITUTIONS- OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT IN- 
QUMY WELCOME. P&P ADD SOp TO ALL CASH ORDERS. OVERSEAS ORDERS 
POSTAGE AT COST. AIR/SURFACE t -- 


100 lip; 160 12p; 220, Ito; 330 22p; 470 28p; 680. 1000. 34p; 1500 4te; 2200. Ste; 
iKf: 47. 68.100 •p;T25.12p; 330 16p; 470.28p; 680 34p; 1000Ifp; 1500, iip 


POLVErmi CAPACfTOm : AjM LMd Tvm 

408V: InF. InS. 2ia 3n3.4#i7.6n8 lip; l5n. 16n. 18o. 22n Ite; 33o. 47n. OSn 
lip; 1S0n2tp; 220n 30p; 330n 4lp; 470n ftp; 680n 1j^ itp^ ^ 
l8rV: 10nri2n, 39n7l00n II^TTsOn. 220n 17p; 330n,^ MpTaion, 38p; 

I&iSd': 22n Mp; 33n42p; 47n. lOOn 42p. 

POLYEtTEfl RADIAL LEAD CAPACfTOm: 2MV: 

10n,15n.22n.27n0p; 33n.47n,68n, lOOnTp; 150n,220n 
10p;330n,470n 13p; 680n Ifp; V23p: 1|i640p; 2p240p. 

FEEDTHROUGH 

1000dF/460V Op 

38V: 0.1^, 0-22, 0-33 16p|^7^0-68, 

Hp;tV: 100 42p. 

POTPITIOMiHRa: Rotary, Carbon, 
Track. 0.26W hook Lin valuta. 

SOOa 1Kn ft 2I» (Linaar only) Sir>^ 
^(?2MaSlnglaGarwLMftUn. 30p 
6Kn-2MnSin(90angD/PSSi^ Tip 
5Ka2MaDoublaGana Mp 

MYLAR HIM CAPACtTORS 

100V: InF, 2.4,4nF. 10 Op; 16nF, 22n. 
MV 470iif li?' ***' 

eiAMCCAPACITOlISllV: 

Ram: MpF to lOnF 4p. ISnF: 22nF: 

8UDBI POTENTIOMETERS 

WaVMoWSSiaSa^^ 70p 

lOKO-SOOKn dual gang IlOp 

Saif Stick GraduatadBazal 40p 

W^^^7nF Op. 100nF/30V 7p. 

POLYtTYRM CAPACITORS: 
lOpFtoInFOp; 1.5nFto12nF10p 

ollvYson^sSlu^^ 

Vartical ft HorUontal 7p 

0-25W100a-3-3Mnhoriz.largar lOp 
0-25W 200n-4-7Mnvart lOp 



27, 33. 38, 47. SO. 56. 68, 75, 62, 85, 
iS’IS'.»300.330.M; 
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JUMPBI LEADS (Ribbon Cabl« AsMmbly) 
Length Upin 16pin 24p<n 40pin 

Single ended DIP (Heeder Piuol^mper 
[Hea^ Pl^^umper** 

IWp 206p Aop 4«p 






TRANSFORMERS: 

6-0^: SD-9V; 12-0-12V: 15-0-15\^ 

pcb mounting Miniature Split Bobbin 
M: 2X67-0.2SA; 2x9V'0.1SA; 2x12V- 

•VAf'2*x^W^tA,^2xSV-0.3A; 2X12V-0.26S! 
2X15V-0.2A 270p 

2xSV-b\S!^2x?vl.4A; 


2X1SV-1.5A; 2x26v-1 JA; 2x3^^^ 
SpecMIy wound for MultiraH Cch 
PSU t SOVA: Outputs: -fSV/^: 


*^2‘x%^! 


2yj-3W" ^ 

tip 

^7 " mS 

Pkt Jf^lOOpInT^ 60p 
196p 

Si s 

UrobSidf*^ 406p 

tWp 

Superstrip SS2 1t60p 

VmWMm ^ 

DALOETCH 

FStnCCHLOMDE 

l^^gj^hydrouB 

ULTRASONIC 

40kHz 325pr 

COPPER CLAD BOARDS 

Fibrs 

6"!S2'' 15oE 18$ **** 

14 lOp g 

g g 
g g 

24pjn 259 TOP 

40^0 g g 

2x15w«y - 

2x18way ItOp 148p 
2x22 wey Ittp 200p 
2x23wey 17ip - 
2x25w«y 22Sp 220p 
2xM^M6p - 
2x36 wey 2t^ 

ZxSlIglg ; 

ANTEXSOLDERMI 

Iron sUnd with sponge 

jMON I u. 

,*P 20way 

lg **' 


VOLTAGE REGULATORS 


OPTO 

ELECTRONICS 

LEDs with Clips 


Qreen/Yellow 


'"®5 ds* R^*G 

Rectangle Stackable UDa 
Triangular LEDs R^ 
Green or Yellow 
SFH206 Detector 1 

T1L32 Infra Red 




m^Red 


REFLECTIVE Optical 
SLOTT^FopriMl Sw 
> similar to RS Comps 


Sm Anois Conn. 

lOway Mp tip ISp 120P 

16 way IMP 160p IlOp - 

20way 14Sp IMp 12Sp 196p 

26waY ITSp 200p 160p 240p 





34way 4tp tOp 
64way >6p110p 


D CONNECTORS: Minlaturp 

15 way 25 way 37 way 

Solderlugs tOp 106p 160p 2Mp 

Angle pins 180p 210p 2B0p 366p 

120P IMP 1t6p 2t6p 
Solderlugs 106p 160p 200p 336p 

Angle pins ItSp 215p 2Mp 440p 

’59p ’!9P "Op 4^ 


Jumper Lead Cable AseemMy 
18 " tong, Single end, Male 

18 "long,Singler— =-■- 

36"long,Do%le 


ESPECIAL OFFERS 

2532 2S5p 6116 375p 


COMPUTER CORNER 

___ _ _j feed, 9x9 metrix, 

80 column. Speed 80CPS, Bidirectlonel, Centronics Interfece 
stsndsrd, Beud-rete 110-9600 IRS232I, Hi-Res, Bit image 
graphics. Subscript & Superscript, Itslics & Underlinii^ facil¬ 
ity plus 500 sheets of paper FREE ^4(-i-£7carr.| 

‘ “-'-er, 136 Column, IS" carriage, plus all the 

'~'-‘-net^fpap«.^^ ^ 

» SOFTY II. An intelligent Eprom Programmer and Emulator. 
AccepU a 24 pin 5V Eprom. Has Memory Map TV Display. 
RS232 and Centronics I/P & 0/P. Copies, Emulates and 
. RS 232 and centronics routines standard. PSU 
....£169 


features of MX80FT/3. 


mciude 


• TEX EPROM ERASER. Erai 


to 32 ICs in 15-30 mi 


d Stats ELECTRONIC 


overcooking. Our timer pays for itself in no time.£15 

► SPARE •UV’^Lamp bulb. £8 

> POWER SUPPLY. Regulated with Overload protection. Varia¬ 
ble output, 5V to 15V at 4A Professionally fin^-'—' "* 

I MULliRAIL —*■“ --- 


t C12 COMPUTER GRADE CASSETTES in library cases.40p 

» SVk" and 9Vk" Fan Fold paper (1000 sheets).£7 (£1.50 carr.) 

-HA GP100A 10*^ Tractor Feed, 80 Column. 30CPS, 

andOouble Width Char. Dot Res Graphics 


Printer Cable for our printers and BBC .... 


FLOPPY DISC DRIVES 

• TEACFD50A- Uncased,S/S,40tr8ck,5y4”,100K.£125 

• TEAC FD50A - Cased S/S, 40 track, 5V4", no PSU.£150 

• TEAC FD50A - Cased with PSU, S/S, 40T, SVs".£180 

• TEAC FD50A - Twin Cased, PSU, S/S, 51/4", 200K.£350 

• TEAC FD50E - Twin Cased, PSU, D/S, 80 track, 400K.£475 

• Drhra CABLES for BBC Micro.Single £8; Double £12 


N.B. All above driv 


IS FDD 1(W-5 Drive 
sTonne 


C Micro compatil 
Cased with 
itrol. PCB 


PSU. Has track ; 
incl. Especially m 


• 10 VERBATIM Diskettes 8", I 




HLO-., iuon'lSrSvDC. 10V6to 
19.SV). 1QA«30VOCor250VAC 
DOUBLE POLE ChangMvsr. M'S? 


Cantron^^aralW 36 way •older*'' 


2Min40n.64norl 


ASTEC UHF MODULATORS 
Standard 6MH1 3(0p 


YVEMON'Now Version 
WATFORD'S 
Ultimate Monitor 1C 


BBC MICRO 
UPGRADE 

(Our BBC Micro Upgrade Kits 

16K'Memo^'(8x481*wip)£lt 
Printer User I/O Port Kit £8.20 
Complete Printer CeMe 36" 

Disc Interfece KH £41 

Serie’l?/“(JKit 
Expension Bus KK 
Complete Upgrade Kh from 
Model A to Model B £46 


£7.50 


Send SAE for list 


s. Software, etc. 


NEC PC8023BE-C PRINTER 

Europe's most popular printer 

KXXiPS bi-directional. Logic seeking, 80 column, 
7 X 9 Dot matrix head, true descenders on lower 
case. Superscript & Subscript & Underlining fa¬ 
cility. Proportional spacing. Forward & reverse 
line fe^. Tractor or friction feed, Hi-res & block 
graphics. Auto underlining. Plus FREE 500 sheets 

Price: Only £320 + £7 carr. 


MONITORS 

• MRROVITEC 1431. 14 ' Colour Monitor. RGB 

input las used in BBC prog.).£250 

• ZENITH 12" Green Monitor, Hi-Rec..£80 

• AVT9" Green, Anti-glare filter, 12MH2 — £96 

• AVT 9'' B&W. Anti-glare filter, 12MHz.£89 

• AVT 9” Amber, Anti-glare filter, 12MHz.... 
Cerriage on all Monitors is £7 (Sr——' 


WE - ROM for ACORN ATOM 

A highly sophisticated Acorn Utility ROM. Plugs 
straight into floating point Atom's Utility socket. 
Gives many unique BASIC Extensions: Hi-speed 
Tape Interface, 2 Key rollover Keyboard, Full 
disassembler. Memory dump modify. Machine 
code breakpoints; Basic error trapping; READ, 
DATA 8i RESTORE: Full BASIC Keyboard scanner 
(BBC like): Find line end delete; Auto line 
numbering; Plus: Chain, Cursor movement 
Loop aborting: Easily extendible further. Manual 
supplied. Only £9.95 


ULTIMUM 

WATFORD'S own most versatile MICRO EXPAN¬ 
SION SYSTEM. Ideal for interfacing with APPLE. 
ATOM, DRAGON, PET, RESEARlfH MACHINE, 
SPECTRUM, SUPERBOARD, VIDEO GENIE, 2X81, 
etc. Low cost, high spec. As published in Practical 
Electronics starting from November 1982. 

Sand SAE for dataile 
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The best route for 
data communications 


New, low-cost Terminal Access Controller (TAG) can solve both 
immediate and future data communications needs. Versatile, 
software-controlled data switchboard caters for multiple 
service requirements and growing user needs without 
disrupting or replacing existing services and equipment.. 

TAC SERIES 3 for micro-networking 

TAC SERIES 4 for the higher volume user 
Whether you need 16 or 256 communications channels Xtec 
can provide full data communications capability, with 
intelligent switching, protocol conversion, multiplexing and 
coupling as required. 



For further information contact 
Xtec Limited, High Street, Hartley Wintney 
Basingstoke, Hampshire RG27 8PB 
Tel: Hartley Wintney 4222/4233/4344 Telex: 849286 CAVAC 


WW - 024 FOR FURTHER DETAILS 


THE UNIQUE;- 

‘ATLAS’ ROBOTIC SYSTEM 




L.J. ELECTRONICS LTD. 


FRANCIS WAY, BOWTHORPE IND ESTATE, NORWICH, NR5 9JA TEL: 0603 - 748001/2 TELEX: 975504 


WW - 020 FOR FURTHER DETAILS 
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itruments which receive^ decode 


and analyse time-coded standard frequency transmissions to provide 

accurate, secure and r---.. 

nisation systems. 



• Automatic master clock and slave controller. 

• Synchronisation of separate equipment and events. 

• Programmable energy management system. 

• Computer clock/calendar with battery backup. 

• Data logging and time recording. 

• Process and equipment control. 

• Broadcasting, Astronomy, Navigation. 

• Satellite tracking. 

If you have a time or synchronisation problem, 
write or phone for further details of our portable 
and new microcomputer-controlled Radiocode 
Clocks. 


Circuit Services, 6 Elmbridge Drive 
Ruislip, Middlesex. Ruislip 76962 


WW - 031 FOR FURTHER DETAILS 


METER PROBLEMS? 



137 Standard Ranges in a variety of 
sizes and stylings available for 10- 
14 days' delivery. Other Ranges and 

special scales can be made to order. 

Full Information from: 

HARRIS ELECTRONICS (London) 


WW - 039 FOR FURTHER DETAILS 



The answer is almost certainly no, unless you’ve got 
your hands on a brand new Keithley 132C.* 

The latest addition to a trend-setting range of 
handheld units from Keithley Instruments, the 
132C is a 3V2 digit meter with TRMS, TEMP and 
0.25% DCV accuracy. 

Key features include 

• AC and DC amps from 1 /aA resolution to 2 amps 
full scale 

• Ohms from 10OmO resolution to 20M(1 

• DC Volts (±0.25% reading ± 1 digit) 

• TRMS AC Volts from 45- 500Hz range 
(±1 % reading ± 9 digits) 

• Temperature Range: -20°Cto ±150°C 
(±3% ± 1 digit), 150°C to 1370°C (±3% of 
reading). Type K non-linearized, 1°C resolutiori 

For more information get in touch now. You’ll find it 
pretty hot stuff! 

•Model 132F available for those requiring fahrenheil scales 


KEITHLEY 


Keithley Instruments Ltd 

1 Boulton Road Reading Berkshire RG2 ONL 
Telex 847047 


^0734861287 


WW - 037 FOR FURTHER DETAILS 


WIRELESS WORLD MARCH 1983 
























CLEF ELECTRONIC MUSIC 


HF COMMUNICATIONS RECEIVERS 

FOR 

POINT TO POINT/TRANSPORTANLE 

AND 

MARINE SYSTEMS 


Fully Synthesised 

10Hz or 100Hz steps 
Continuously Tuned 50KHz to 30MHz 
Modes LSB/USB/CW/AM/FSK 

Stability ±1 partin lO^^C 

Tuning Keypad/Spin/Decade 

Power Supplies 

110V/240VAC and 24V DC 

SEND FOR TECHNICAL BROCHURES TO: 

VIGILANT COMMUNICATIONS LTD, UNIT 5, PONTIAC WORKS. FERNBANK ROAD, ASCOT. BERKS, ENGLAND 
TELEPHONE: (03M) 885656 TELEX: 849769 VIGCOM G 


WE ANNOUNCE NEW MODELS 

(a) SR 520 To meet new C.E.P.T. Spec for Ships Main Receiver. 

(b) SR 522 with Preselector for Point to Point^ransportable. 

(c) SR 530 As (a) above but MICROPROCESSOR/KEYPAD controlled, 
200 channel memory, Scanning. 

(d) SR 532 As (c) above but for Point to Point/Transportable. 
OPTIONS. Full Remote Control by VHF Radio or Telephone Line, Oual 

Diversity, FSK Demodulator and 600 ohm Line Amplifiers. 




mm 

mm 

m 

B 



RECHARGEABLE 

BATTERIES 


PRIVATE & TRADE ENQUIRIES WELCOME 

Full range available to replace 1.5 volt dry cells and 9 volt 
PP type batteries, SAE for lists and prices. £1.45 for 
booklet, "Nickel Cadmium Power," plus catalogue. 

★ New sealed lead range now available ★ 

Write or call at: 

SANDWELL PLANT LTD. 

2 Union Drive, Boidmere 
Sutton Coldfield, West Midlands, 021-354 9764 
After Hours 0977 616913 
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DIGITAL MULTIMETEBS iukc/p fr«ei 


RETAIL • MAIL ORDER • EXPORT • INDUSTRIAL » EDUCATIONAL 



NANDHCLD 

02SC* 13 ringt 0.2A DC 3 OMg otim 
D30C*26 nnit lA AC/OC 20 mg ohm 
D5SC*2a nngo lOA AC/OC 20 mg ohr 
6aiOf22rlligt IOAAC/OC20mr-'- 

“nl!'ioA‘oc!'2'’mgpluiHloloilir£39:» 

£69.95 C 


£24.95 

»•» I 

£34!40 1- 

£41.30 TAA3S9< 29 nogo LED lOA AC/DC 

- ’1361* 29 mgt LCD IDA AC/DC 

01 28 nngo LCD lOA AC/DC plot! 


HAND HELD AUTO RANDE 
-0»2I nngo lOA AC/DC 20 mg ohi 

i nngo 0.2A AC/OC 2 mog ohm 


Ha 0.03*/tbi 


: LCO BVi 


)evtry facility 10 05SI £171.00 


.o-.M pll- -,___ 

I 22 rangi 10 AC/DC 2 mag ohmi plus con! EDUCATIONAL DISCOUNTS AVAIUBLE FOR 

ar £58.95 NU STOCKS PLEASE ENQUIRE 


FREQUENCY COUNTERS 


:M200A 200 MHZ hand hild pockat S dIgH 
0 £67.50 

IIOABdIgitLEOlMnchZringMiOOMHZ- 

MOi S digH LEO htnch 2 ranoM r" 

M«9dignLE03rangti16HZ - 

=040* 8dlgHLC040MH2 £126.50 

•200* B digit LCO 200 MHZ - 


IZ £113.05 
£178.00 
£126.50 


T6100IHZ 100KHZ 
T61O202HZ-2MHZ 
PULSE 

T6105 Various facilities 5 HZ-5 MHZ 
LA627)0HZtBlMHZ 


ELECTRONIC INSULATION TESTER 


YF 501 500 V/O-IOOffl with car 


19 range peckel meter L.\. 

SPECIAL PRICE £7.96 

C706I50K/V 21 ranges. 91 

Range dMhIer tOA K WM 

SPECIAL PRICE £15.95 

n/5001 21 ranges. 50K/V. Range 

_lOADC. £1 

TMK500 23 ranges 30K/V. 12A DC plus 
cent, buuer. £2 

NH56R20K/V. 22 range pocket £1 

EU10214 range 2K/V pocket £ 

830A 26 range 30K/V. tOA AC/OC overload 


^j02018 range 20K/V. Deluxe plus I 
range 20K/V plus Hfelesl 


VARIABLE POWER 
SUPPLIES 

PP241 0/I2/24V. 0/ 


,x 


LOGIC PROBES 

IPIO idMHZ £28.90 
lOPOTOMMHZ £96.90 


OSCILLOSCOPES , 


S' Serin TRIO: '3''serin CROTECH 


!rigsaK'rfSiia?&. 


HIGH VOLTAGE METLH^ 

Oirecireading 0/40 KV. 

ZOK/Vell lUKC/PBSpI £18.40 ^ 


I 


TRANSISTOR TESTER 

OlnclrGGillngPRP:IIPH.t1c. 

TCI £21.96 


nUDIO€L€CTROniC5 

301 EDGWARE ROAD. LONDON W2 1BN. TELOI-^ 
ALSO AT HENRYS RADIO. 

404/406 EDGWARE ROAD. LONDON W2 


WW - 042 FOR FURTHER DETAILS 


MIDWICH COMPUTER COMPANY LIMITED 

FAST EX-STOCK DEUVERV OF MICROCOMPUTER COMPONENTS AT UNBEATABU PBICES 



MIDWICH COMPUTER CO LTD 


WW - 019 FOR FURTHER DETAILS 
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The microprocessor controlled EP4000 will 
emulate and program all the popular 
EPROMs including the 2704, 2708, 2716(3), 
2508, 2758, 2516, 2716, 2532 and 2732 de¬ 
vices. Personality cards and hardware 
changes are not required as the machine 
configures itself for the different devices. 
Other devices such as bipolar PROMs and 
2764 and 2564 EPROMs are programmed 
with external modules. 

The editing and emulation facilities, 
video output and serial/parallel input/out¬ 
put provided as standard make the EP4000 
very flexible to allow its use in three main 
modes: 

- As a stand alone unit for editing and 
duplicating EPROMs. 


Items pictured are: • EP4000 Emulator 
Programmer - £545 -t- £12 delivery; • 
BSC buffered simulator cable - £39; • 
MESA 4 multi EPROM simulator cable - 
£98; • 2732A Programming adaptor - 
£39; • 2764 Programming adaptor - £64; 
• 2564 Programming adaptor - £64; • 


- As a slave programmer used in con¬ 
junction with a software development 
system or microcomputer. 

- As a real time EPROM emulator for 
program debugging and development 
(standard access time of the emulator 
is 300ns). 

Data can be loaded into the 4k x 8 static 
RAM from a pre-programmed EPROM, the 
keypad, the serial or parallel ports and an 
audio cassette. Keypad editing allows for 
data entry, shift, move, delete, store, 
match and scroll, and a Ik x 8 RAM allows 
temporary block storage. A video output 
for memory map display, as well as the 
built-in 8 digit hex display allows full use 
of the editing facilities to be made. 


BP4 (TEXAS) Bipolar PROM Programming 
module - £190 

Also available (not shown): • VM10 Video 
monitor - £99; • UV141 EPROM Eraser 
with timer - £78; • GP100A 80 column 
Printer - £225; • PI100 interface for 


EP4000 to GP100A - £65. 

VAT should be added to all prices 

DISTRIBUTORS REQUIRED • EXPORT ENQUIRIES WELCOME 

GP Industrial Electronics Ltd. 

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN 


WW - 014 FOR FURTHER DETAILS 
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P8000 - THE PRODUCTION PROGRAMMER 
~ THAT HANDLES ALL NMOS EPROMS 



Checks, Programs, Compares up to 8 devices simultaneously 

Handles all NMOS EPROMS up to projected 128K designs 

with no personality modules or characterisers - See list 

Easy to use, menu driven operation for blankcheck, program, 

verify, illegal bit check, checksum, self-test 

Constant display of device type, mode and fault codings 

Individual socket LED indicators for EPROM status 

Comprehensive EPROM integrity checks - Illegal bit check, 

data and address shorts, constant power line monitoring 

Full safeguard protection on all sockets 

Automatic machine self-test routine 

Powered down sockets 

Cost effective price - £695 -I- VAT 

Available from stock 


Write or phone for more details 


2704 

2708 

2716(3) 

2508 

2758A 

2758B 

2516 

2716 

48016 

2532 

2732 

2732A 

68732-0 

68732-1 

68766 

68764 

2764 

2564 

MK2764 


EXPORT ENQUIRIES WELCOME 


GP Industrial Electronics Ltd. 


Tel: Plymouth (0752) 332961 
Telex: 42513 


Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN 


WW - 015 FOR FURTHER DETAILS 
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VERTICAL RANGE FROM 3-10 SOCKETS 
ALL EX-STOCK! 

SPECIALS TO ORDER 


OLSON ELECTRONICS LIMITEO 


WHEN 
IT COMES 
TO POWER 
FOR RACKS 
IT MUST BE OLSON 


5-7 LONG STREET LONDON E2 8HJ 
TEL: 01-739 2343 TELEX 296797 


WW - 032 FOR FURTHER DETAILS 



NEW receiversfrom Eddystone 

LOW-COST SINGLE AND 
MULTI-CHANNEL RECEIVERS 


HIGH STABILITY HF/MF 
SYNTHESISED RECEIVER 
MODEL 1650 

• lOkHz to 30MHz, tunable within 3Hz. 

• Storage for 100 channels, interrogated/ 
changed without interruption. 

• Rack-mounted/table-mounted 
version available. 


• Model 1680/1 500kHz. Single channel. CW/MCW. 
• Model 1680/2 400kHz-535kHz. Seven channels. CW/MCW. 
Variable BFO and FSK. 

• Model 1680/3 (illustrated) 1.6MHz-30MHz. Single channel. AM/USB. 
Optional LSB/CW. Variable BFO and FSK. 

• Model 1680/4 1.6MHz-30MHz. Dual channel. AM/USB. 

Optional LSB/CW. Variable BFO and FSK. 

• Remote control facilities (all models). 


PLEASE ASK FOR DETAILS 

Eddystone Radio Limited 

Member of Marconi Communication Systems Limited 
Alvechurch Road, Birmingham B31 3PP, England 
Telephone: 021 -475 2231 Telex: 337081 

A GEC-MBTconi Electronics Company 




Eddystone 




WW - 05« FOR FURTHER DETAILS 
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ambit 


INTERNATIONAL 


^tSb 


E MOST COMPRJSHENSIVX BAHOK OF COMPOHXHIS, KITS'' 

AHD MODULES IN XHE WOULD ft THEBE’S ONLY ROOM TOR A 
ntACIION HERE, GET THE CATALOGUE AND TIND THE REST. 

ALWA YS USE STOCK CODE WHEN ORDERING PLEASE. 



hi! perrormanei* hi! hi! 


EASY TO USE 

Single Rotary Switch for Function and Range 

RELUBLE 


LOW COSTS 


' ' ■ AL WAYS USE STOCK CODE WHEN ORDERING PLEASE.- 

WMKtM bexail shop opening houbs 

WM Monday to Thursday 9.00-6.00 

_Friday 9.00-7.00 Saturday 9.00-5,SOR 

ALL PRICES SHOWN EXCLUDE VAT. P&P 60p per oi 


AMBIT INTERNATIONAL 

200 north Seruite Rood, Brentuiood^EsseH 

rElEPHONE ISTD02;7) 230909 TELEX 995194 AMBIT G POSTCODE CMI44SC 


WW - 055 POR FURTHER DETAILS 


^ Name... 


Address... 


Please allow 14 days for delivery. 


House of Instruments. 

Clitton Chambers, 62 High Street, 
Saffron Walden, Essex CB101 EE 
Telephone: (0799) 24922 Telex: 818750 



CH 26 FULLY PROTECTED RANGES 
S OH LARGE aVs DIGIT DISPLAY 'L 

35 ns DC VOLTS to 1000V AC to 750V « 

5 US AUDIO TONE and OHMS to 20M J 

S CH AC and DC CURRENT to 10 AMPS % 

^ CH hFE TRANSISTOR and DIODE TESTER 
^ MIC 3300A has 19 ranges, no ACI but 3. 

" includes NPN and PNP hFE TransistorTest. ST 

« Ask for FREE DATA < 

^ Easy to Order; Fill in and post the coupon enclosing * 

^ cheque/P.O./Credit Card details or Official Order. ^ 

H In a hurry? Then ^ 

H nng (0799) 24922 ^ 


Please send: 

.MIC 6000Z at £54.00 (inc VAT + p+o). 

.MIC 3300A at £49.50 (inc. vat + p+d). 

.Luxury Carry Case (inc VAT + p+oi . 

at £5.00 

Total £. 

Please tick and fill in number of card 
i jBarclaycard ilAccess □American Express □Diners Club 
Credit Card No... 


hi! 


hi! c*oiii|K>fhi! House of Instruments Ltd. 
WW - 007 FOR FURTHER DETAILS 
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10kH2-72MH2.AM/FM.£7S0 j 


viationupto±100kH2.£56a W 

MARCONI TF995A/5. AM/FM Generator, 
Narrow Osuiatinn mnrinl <M» rnuerina 1 ^ ^ 

22OMH2. 


_.S. AM/FM Signal gen- J 
erator covering in three rangea 68-108, ♦ 
118-185 and 450-470MH2. FM fixed devie- 4' 
--- -.M fixed 30%. £225 » 


t COUNTER DULS 

Miniature type (22mm diem.). Counting up 
to 15 turn "Heiipots". Brand new with 
mounting instructions. Oniv £2.50 each. 


★ -VARIACS' -SPECIAL PURCHASE ★ 

We now have a stock of used but excelient condi¬ 
tion, fully tested, variable (0-260V) transformers at 
the following ratings. 

BERCO (encrosed) 2A.£12.S0-I-£1.50 pp 

BERCO (non-enciosad) 8A.£2S.00-I-£2.S0 pp 

BERCO (non-enclosed) 10A.J2«.00-l-£2.50 pp 

ZENITH (enclosed) 8A.£20.00-l-£2.S0 pp 

Also available, small quantity of Heavy Duty and 3 


Switchabie 1W & 
ioad impedances. Housed in gri 
6x6x3". Large easy to read 3" 
output provision. £10 (-i-£1). 

HEATHKIT Modal AW-HJ. Internal load switchabie 
3, 8, 15 & 600 Ohm. Meter scaled 0-50W (-FdB 
scale). 5 Ranges from 5mW-50W FSD. Mains 
powered. £25(+£1). 

MARCOM TFa03A. ImW-lOW Full scale In 5 
ranges. Impedances 2.5-20K Ohm in « •••n« 
Direct calibration in Wans and dBm. 


QPO JACK SOCKET STRIPS. 20-WAY Type 320 (3- 
pole) £2.50 ea. Tym 520 13-pole with switching 
contacts) £4 ea. Please include 35p each for 
postage on these. GPO type 316 jack plugs for 
above 20p as. (lO-i- post free). Plus VAT please. 
Also recent stock of new, mint condition 720 Type, 
£6 each. 


irk PHIUPS RF SIGNAL GENERATOR irir 

As new condition Philips PM 5326. AM/FM RF Sig¬ 
nal generator covering 0.1-125MH2. Integral 5 digit 
Frequency display. Mod AM & FM -f Sweep facui- 
ties. 1 only available. 


P. F. RALFE ELECTRONICS 

10 CHAPEL STREET, LONDON, NW1 TEL: 01-723 8753 

pill ^★ OSCIliOSCOPES 

S *:• *1 TEKTRONIX 465. IOOMH2 at 5mV/div. Dual- 

\ beam, sweep-delay portable scope in first- 
i V ■ \ ciass order. £1,250 

\ \ TEKTRONIX454.150MH2.£750 

\ TEKTRONIX 565. Twin time-base with two 

2A63 Y-ampiifiers (DC-300kH2.1 mV/div). 
TRIOCS1S77A 35MH2 Duai-baam £375. Brand new (LP) £475 

DYNAMCO D7200. DC-15MH2 duai-beam sweep-delay, mains or battery 
operated, portable. £250 

TEKTRONW 500 Series in stock with 'CA' Dual-beam plug-in units, e.g. 
543B£125,54SA.£150 

COSSOR COU150.3SMH2 duai-beam & sweep delay. £250 

stock arrival hence LOWER PRICES. Available in 
preset output voltages between 6 and 30V DC (state 
requirements) ±4V approx. Three sites available, 

5A, 7'/4A & 10A. Prices £20, £25 & £30 respectively 
(plus postage £2, £2.50 and £4). 

2. Mullard Duel supplies. Po^Neg 12V (g 1A & 
0.4A. Dimensions 9x4x5". £10 ea. (+C^ p&p). 

3. Farnell Current limited. 13-17V DC @ 2A £15.27- 
32VDC@1A.£15(-l-£1p6ip). 

4. Lambda LXS Series supplied 110V AC Input. 5V 
@ 14A. £20 (-f£2.50 pAp). Various other voltages 
available from stock in small quantity. 

S Coutent 5/6V @ 5A. Small site (7x5x3"). £20 

6. Variable 0-30V @ 1 A. Volt-metered. £30. 

7. Farnell 5V Switching. 60A. £86. 

. ★ RFSKHRLIIENERATORS if 

MVANCE Type E2. lOOkHt-IOOMHt. Internal 

AM & Audio 0/P. luV-IOOmV output. Price 
each £50 Inc. VAT. 

TAYLOR Type 68A/M. 100kH2-240MH2. internal 
Modulation. £60 inc. VAT. 

All of these units ere in full working condition 
and carry our usual 90-Day Warranty. In both 
cases please add £2 each for carriage. 

★ ljUl-milRttWBeU.IULM if 

JWRO^ TF2600. Twelve ranges 1mV-300V 

FSD. Wide-bandto lOMHt. 

MARCOM TF2603. Frequency range bOkHt- 
L5(3lfe High Sensitiviw f rom 300uV. 

MARCOM TF2604. Electronic Multi-meter. 
AC/DC 300mV Full scale to 3(X)V (IkV DC). Re- 

rssMHt.™"®"'- 

ADVANCE VM77D Mllllvoltmetars. ISH2-4.5MH2. ImV Full scale -300V 
AC £56 

IWOELKE ME104C. Wow & Flutter Meter £95 

AVOTypa 1 LCR Component Bridge. 

WAVm KERR AF Signal Generator Type SI 21 £75 

ARMEC Wove Analysers Models 853 and 248A. 

CENTRONICS PI Printer, one only. AND Type 663 Printer. 

ROHDE A SCHWARZ SDR Signal Generator. 3OOMH2-IGH2. 

HEWLETT PACKARD 60eC Signal Generator. 10-480MH2 AM. 

MARCOM Component Bridge Model TF2700. (LC&R). 

OKIOATA CORP Series 3300 Hard-Disc Drives. 

TAaV Model 220 Line Printers. 

if BRUELRKJOER if 

Model 2006 Heterodyne Voltmeter. AM/FM/ 

BEUANmrEu ^nsccJumHiWES ★ 

INfmf H Wirm base 12-Segment single Hard 

Type SR5. Screen site 9x5". Re- Disc Cartridges. Brand new sur- 

cent small quantity now avail. £56 plus stock. 

2 CLAUDE LYONS 240V AC . 

^ REGULATORS * 

Small quantity available of constant voltage mains 
regulators. Continuous current rating sA Model 
Input 204-252V. Output adjustable 
2^2S4V AC± 0.3%. 4S-65HZ. Condition as now. 
(Dims- U"x7"x6”. Weight 20Kgs). Price £96 ea. 

-F Carriage £5. 

± SWEEPERS ★ . MUIRHEAD , 

TELOFM Sweep generator W FACSHMLE UNITS * 

Ke": MUFAX XOURKRTcsimile re- 

Marker, attenuator. Detector plug- 591^9^ ,ype k 441 -CH and transmit- 

SKr 7 S 0 MH 2 .£lSI™“^ femco' 155 rn"" 

★ ROTRON INSTRUMENT if 

if ^ , COOUMFRNS if 

. Supplied in excellent condition, fully . 

" tested. ★ 

if 115V, 4.5X4.5X1.5" £4.50. 230V £6. 115V. if 
. 3x3x 1.5" £4-1-postage ea.35p. . 

" Also brand new 230V at £6 ea. WW-10W 

PLE^E NOTE. All^the pre-ownedjrquiprnant^ shown has been carefully 

first-class operational 1x>ndition and most items carry a three months' 
guarantee. For our mail order customers we have a money-back scheme. 
Repairs and servicing to all equipment at very reasonable rates. PLEASE 
ADD 15% VAT TO ALL PRICES. 


meet the 


metrics 


p screws, and whateve 

fit. Brisht__ 

_ _ „_ _e finished h. 

socket screwdriver blades. Plastic (UL) handles shaped fc 
perfect grip and balance. 

FIXED HAIRiLE NUTDRIVERS 



Speciprod 

Distributed by SPECIAL PRODUCTS DISTRIBUTORS LTD 
81 Piccadilly, London W1V OH L 

WW - 040 FOR FURTHER DETAILS 
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An Approved Professional Source. 


We supply Power Valves, CRT’s, fOffcrowave Tubes, 
Semiconductors and Indicators for use in Electronic Warfare, 
Radio and Satellite Communication, Radar and Industrial 
Heating Systems. . u u 

As an MOD Contractor with an in-house microfiche based 
sourcing service covering current and ‘out of production 
NATO, CV and Commercial Part Numbered devices we 
coukJ be Your Approved Professional Source. 


Haltron 


Hall Electolc Ltd., Electron House, Cray Avwiue, St Mary Cray, Orpington, Kent BR5 3PN, England. 

“ " “ ~“~~1I27099. Telex: 896141 ■ _ , _ _ 


WW - 008 FOR FURTHER DETAILS 











^TUN ROOM. APRIL 19-21,1983.CIRCUIT TECHNOLOGY’83. KENSINGTON EXHIBITION CENTRE AF 
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THE ALL-ELECTRONICS SI 



Three events. For free! 

First, the Show of shows. 

You may visit450AII-Electronics/ECIFstands 
at the Barbican in air-conditioned, carpeted 
comfort free of charge - if you use the coupon on 
the right 

You may also have the 120-page 'Morgan- 
Grampian’ guide to both the industry and the 
event absolutely free as well (if you kindly allow us 
26p for postage and packing). 

Now the ticket will also gain you free entry to 
our two sister events: 

'Circuit Technology' at the 

1 Kensington Exhibition Centre; and 
'Fibre Optics’ in the adjacent-to- 
the-Barbican Porter Tun Room. 
There has never; ever; been 

I such an opportunity to glean the 
factsand fibres from Component 
F and Instrument manufacturers 
' and, as an innovation in '83, the 
IPCB and Fibre Optics industries. 
A refreshing scope of options 

( that can be yours as fast as you 
can spell Fleineken! 


And for a fiver..? 

In conjunction with 'Bectronics Times’ we proudly 
present The Business of Fligh Technology.’ 

Four of the world’s most honoured specialists 
revealing industry trends in an action-packed, three- 
hour session. 

(Come in the morning or the afternoon; our 
programme is duplicated.) 

Ws’re cateringfor no fewerthan 2,500 people 
at each session; and, of course, you can see the 
exhibition as well - either before or after 

The setting is the most prestigous in Britain: 
The Barbican’sConcert Flail, of which Fler Majesty 
the Queen said: “It must have claim to be one of 
the modern wonders of the world” 

Sit in luxury-and hear from Witf Corrigan, 
Founder and Presidential Logic: "Semi-Custom 
CircuK’ Pasquale Pistorio, Chief Executive Officer, 
SGS: ’The European Semiconductor Industry’ 
■John Alvey, Senior Technical Director, British 
Telecom: “Fifth Generation British Computers’.’ 
Derek Roberts, Director of Research, GEC: “Key 
Technology, the User's View!’ The overall title: The 
future of electronics and the business of high 
technologf. 

All for only a five pound note! (Order form 
alonf^ide.) 


OTHEREXHIBITIOI 



Go and see... 

Top: Fibre Optics (so far); Middle C.T; Bottom 
AES. Its a M^ard walk from the Barbican’s 
Flail to the Porter Tun Room. And we’ve there- 
and-back buses on the hour; every hour; betwixt 
Kensington and the Barbican forthose interested 
in Circuit Technology and the AES. 

Amphenol; AmpUcon; BeMng (. Lae: BICC General CaMee; Cotsor 
Electronics: Dynacastlntematianal;Ealiiw Beck; EurotecOpHcalFIlirec 

"-re ojklques kr^ --"-- — -—- 

tavtnll Control! 



Chemlec Solutions; - . - _ _ 

Johnson; Ciba-Gei» Raslics & Additives Co.; Compulamation; Digital Data 
Electronics; DPC Electronics; Dek Printing Machines; Degussa; Dornher; Du 
^^rt^NenrougJrtem^fial EXch 

Finlay Microviion Co,; Ferranti Computer Systems; Fischer Instrumenlatiori 

(GB); Fry's Metals; G&H Bectrographics; GTS heyible Materials; GSPK 
(Circuits); Gemini Electronic Devetoprnents; Hunter Equipment Sales; 
Instagraphic Products; International Tin Research Inst; Imasa; ITT/Cannon 
Electric (GB); Kam Circuits; Lamco; Litton Precision Products Int Inc; Lea- 
Ronal (UK); M4T Chemicals; MEPO; MacDermid GB; Multicore Solders; 
Manchester Circuits; McGregjr Industries; Muirhead Wctric Components; 
Marconi; Norplex UK Div. TOP; Nevin Electric (Holdings); New En^nd 
Laminates; Oxy Melal Industries (Sel-Rod Division; Packman Research; 
Prestwick Circuits; Photopolymer Systems; Photoprinting Products; Raner 
Products; Protokote; Robertsons Chemicals; Rexham UK; Selectrons; Shipley 
Chemicals; Swtems Efficiency; Serfilco UK; Scientific & Electronic 
Enterprises, S.B.E.E.L; Sarat Process Photopaphy; Thiokol Chemicals; Vero 
Advanced Products; Vision Engineering Veratronic; VM Circuit Equipment 
W. Canning Materials; Welwyn Pnnted Circuit Services: 

AB Electronic Roducts Group: AEG Telelunken (UK); AMF Potter and 
Brumfield: AM Microsystems; WX; Able Systems; Adcola Products: Aden 
Bradley Electronics; Akna Components (E^; Alusett UK: Ambar 
Components; Amplicon Electronics: Analog Devices: Anders Electrical; 
Anglia Componenb; Aerial Preaiigs; Aries Electronics (Europe); Armon 
Electronics; Arrow Hart (Europe); Ashburton Resistance Coj Ashaoft 
Electronics; Assman Electronics; Astrakjx Dynamics; Augat; BH Electronics; 
BICC General Cables: BICC Veto Electronics: Bach Simpson (UK): B and R 
Electrical Products: Bahco Record Tools: FVm Bauch: Belclere; Bed & Howell; 
Black Star: Borier MarMkrg: Brandenburg: Briticant krten^ 

Bribsh Standards kBtitutkrn: Broype MatvS; AFBuUn & Ca: CGS Resislance 
Co.; CRP Electronics; Cater Electronics: Cantnn Electronic Produds; 


Cambridge Electronic Ind.; i:..ii-i|it>r':i 
Deirelopinents; Celab; Centrorn:, .huTr 
Piastres Division; Crtec; CP Clare iiertr:: 
Terminals: Compstock Electr inici,; C 
kidusbial Protiucb; Cooper Tor U (onntr- 
CoulanI Electronics: Cox; Cntchelv SmtIxT; 

Co.: OAU (UK); Dmc Eurosen:; ( aniivtii 
Datacxrture: Data Intematronal lireoiio'Jicr 
Dean Electronics: Dramond H ii.^rtrols; I 
Dubilier Components; Duracell UK: [lu-.rl li 
ETRI Rms; East Gnnstead Elec.; L!t r hone 
Weekly; Electrautom; Electronic C imaon.- 
Engkreenng; Enclosure Technol is'r Erg'r, 
Eleoronics; Exacta Circuits; FR tle.Jroriir.'x 
Famell Instruments; Famell Intori aoom 
Electronics; Fieldtech Heathrow Hair FJe. 
(Laxlon); Gen^ Instrument Mk rriKectrorn. 
GHech; S^^W Gr.rptxc ! 

..-lectronics Erirope: H aad^T ijoiaiaro 

Systems: Harrow Screnttfic: Halting E extrre ik 
Ewctronics; Hayden Laboratories: H.rale'.' Mpt 

1 HI 

“-■ ' '' 

InstTLNTiienciHc 

-laster: ICC tnh 
Components Gi 

and Produds: I_ 

!C. Engs.; Intel Electronics Group 1:“ 

(UK); Intime Electronics; Irt^iS ( 

Precision Inds.; Lemo UK; Ught Soid-^ 

(^; Londex; Longs; Lyons Instrument! 
the McMordo 
Industries; Mio 
E lectric (UK ): 

mv nnenme & lool (UK): Optima Sr. 
PSP Eledronics; PajKl Motors; 

Plessey Qroits; Plessey Connectors; Plesse. 
Ported (UKhPowerfineElectronrcs 


Datac: Datur 


r 11^1 nfg^^a)«ett 
vail S Sons; 
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J-20,1983. THE ALL-ELECTRONICS/ECIFSHOW. THE BARBICAN APRIL 19-21,1983. FIBRE OPTI 
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Name: 


_, .— P roducts (UK): Vitranyxi; ’WEtedronics: .. . 

4 Ouidi: VVWow WeriabonaJ. 

The stand numbers for all three events are 
given in the Morgan-Grampian catalogue. And so 
are details ofallthe conference programmesatall 
three events. 

We’re working like Trojans for the industry 
as a whole - and not just YOU. 

This is no ordinary exhibition week. 

All the key industry influences will beattending 
our seminars and conferences. 

All the folks with vacancies (or with CVs!) will 
be parading the aisles. 

All... well, in simple terms, The Show” is the 
recognised annual occasion when everyone gets 
together to swap news, views, trends and friends. 
Freely 

The Tobie Awards 

The pre-eminence of The Show' isaugmentpd by 
its TOBIE awards-to be presented, this year; at 
the Electronics Shows’ Ball at the Dorchester. 
Last year’s winners were: 

NEW PRODUCT OF THE YEAR 

Ferranti FAB-2 

_Ferranti Electronics Ltd._ 

RESEARCH ACHIEVEMENT OF THE YEAR 
Laser Gyro Inertial Navigation System 


ELECTRONIC APPUCATION OF THE YEAR 
Songuard Burglar Alarm 
_Eurolec Group Ltd. _ 

PERSONALITY OF THE YEAR 
_Robb Wilmot-ICL_ 

DISTRIBUTOROFTHEYEAR 
_Memec Ltd._ 

And this year? V^fetch ET’s space! 

And remember, only The All-Electronics/ 
ECIF Show can do all this... 

How to get to the Barbican/Kensington 
Exhibition Centre/Porter Tun Room. 
TheBarbican:TubetoBarbicanStation.4(X)yards 
straight ahead from the exit And you’re there. 
Kensington:Tubeto Kensington High Street Walk 
through shopping arcade. Turn right and right 
again. In 100 yards you’ve made it 
Porter Tun Room: Leave The Show’ Turn left into 
Beech Street And its bOyardsonthe right past the 
cross roads. 

Remember-on the hour; every hour, there are 
buses from Kensington to the Barbican. Full details 
on your ticket and in the catalogue; both free. 
How refreshing! 

(No-one under 16 admitted. Admission with¬ 
out ticket £1) 

WW - 009 FOR FURTHER DETAILS 


140010.A 

moerfSBE-na^ 

I Please attach 26p in stamps lightly by 
their comer to this coupon. 

\ 


More. 
And more, 
and more. 


34-36 High Street, Saffron Walden, Essex 
. CBIO lEP. Telephone: 0799 22612 
nelex: 81653 
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OSCILLOSCOPE TRIGGER AT 
END, START OR DELAYED ON 
START, DELAY IN MACHINE OR 
CLOCK CYCLES. 

19" RACK MOUNTABLE. 

SELECTABLE AUTOMATIC 
CHANGEOVER TO DMA ON 
BUSAK ACTIVE. 

BOTH START AND END 
ACQUISITION CONDITIONS 
SELECTABLE FROM STATE OF 
ADDRESS AND DATA BUS TO 
STATE OF SINGLE DATA BIT, 


END ACQUISITION ALSO 
INCLUDES A START TO END 
LOGICAL COMPARISON (AND, 
NAND, OR, NOR, XOR, NXOR) 
INDEPENDENTLYSELECTABLE 
ON EACH DATA BIT. 

12" DISPLAY MONITOR. 

PRINTER OUTPUT FOR A HARD 
COPY COMPARE TO YOUR 
LISTING. 

ALL PRICES EXCLUDE VAT 
CARRIAGE AND PACKING £12. 




SPECIFICALLY DESIGNED FOR THE 



BASED 

SYSTEM 

4, 6 OR 8 MHz 


This MACHINE CYCLE LOGIC STATE 
ANALYSER gives a logic state map of 37 
active pins of the CPU to a depth of 2048 
(or 4096*) machine cycles leading up to a 
preset conditional break. Passive, timed 
by the target system clock, the analyser 
samples the address, data and control 
buses simultaneously with the CPU and 
stores them with an elapsed M cycle and 
clock count. Specific machine cycles may 
be excluded to increase the apparent 
memory depth. Up to FFF delay on start/ 
end acquisition condition true. 

‘Available with 2K or 4K memory depth and 4,6 or 8 MHz speeds. 


FULL SPECIFICATION AND DETAILS 


LIMITED 

First Floor, 18A Bridge Street, Godaiming, 
GU7 1HY. Telephone 048 68 20924 


WW - 021 FOR FURTHER DETAILS 



Hitachi Oscilloscopes 


performance, reliability, exceptional value 
and immediate delivery! 


Hitachi Oscilloscopes provide the quality and performance that you'd expect from 
such a famous name, in a newly-extended range that represents the best value for 
money available anywhere. 


V-152F 15MHz Dual Trace V-353F 

V-202F 20MHz Dual Trace V-650F 

(illustrated) V-1050F 

V-203F 20MHz Sweep Delay V-209 
V-302F 30MHz Dual Trace V-509 

V-352F 35MHz Dual Trace V-134 


35MHz Sweep Delay 
60MHz Dual Timebase, Trigger View 
lOOMHz Quad Trace, Dual Timebase 
20MHz Dual Trace, Mini-Portable 
50MHz Dual Timebase, Mini-Portable 
lOMHz Tube Storage Oscilloscope 


Prices start from under £250 (ex. V.A.T.) including 2 high-quality probes and a 
2-year warranty. We hold the range in stock for immediate delivery. 


For colour brochure giving detailed specifications and prices ring (0480) 63570. 

Reltech Instruments, 46 High Street, Solihull, W. Midlands, B91 3TB 


y - 057 FOR FURTHER DETAU-S 



INSTANT PRINTED CIRCUITS!! 

Make your own - to professional standards - within minutes using 
either "Fotolak" Light-sensitive Aerosol Lacquer or Pre-coated board. No 
Darkroom or Ultra-violet source neededi 

Fotolak aerosol £2.50 (30p) Developer.£0.30 (15p) 

Ferric Chloride.£0.60 (45p) Acetate Sheet.£0.15 (15p) 

Copper-clad Fibre-glass Boards: Single-sided.£2 ft. sq. (45p) 

Double-sided....£2.25ft. sq. (60p) 

Pre-coated Fibre-glass Board: 

8''x4%"....£1.75f25p) 16"x9”.£7(60p) 24''x18” ...£18 (£1.70) 

8"x9".£3.50(45p) 24''x12"...£13(£1.20) Eurocard £1.25 (25p) 

Double-sided Board (all sizes) add 20% 

Postage individual items in brackets. Maximum charge £2 per order 

12V FLUORESCENT UeHTINB! FANTASRC BAR6A1NI 

21 ’’ 13-watt Batten Type (complete with tube).£6 (£1.20) 

Kit Form:.£5 (£1.20). InverterTransformers only:.£1 (30p) 

WHITE HOUSE ELECTRONICS praa sands, penzance mi m 

_ UHHww: Bwiiwb (173-171) 2321 _ 
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RF UNEAR POWER ARIPUFIERS 


TYPE 9046 

VMOS WIDEBAND UNEAR 


ruMcn iimruncno 

4 watts and 20 watts max. RF 
output. Without tuning. Power 
gain 10 dB 


TYPE 9045 10KHz.-100MH2.4watU. 

TYPE 9050 20 MHZ.-200 MHz. 4 watts. 

TYPE 9066 10KHz.-ia0MHz.20watts. 

TYPE 9064 As above with Integral mains 
TYPE 9067 2aMHz.-2aO MHz. 20 watts.... 
TYPE 9065 As above with Integral mains 


'Srad^i 


LOW NOISE GASFET PREAMPLIFIERS 

TYPE 9009 in 9010 


.C49.50+£2p«ip 

£49.50+£2p&p 

....£120.00+£4p&p 

£180+£8p&p 

£120+£4p&p 

£180+£8p&p 


TEimSIDN UNEAR PDWER 
AMPUnERS 

Bands IVorV. 

Channel group 'A' 21-34, 'B' 39- 
51, or'CD’48-68 


WNDS UNEAR PDWER 
AMPURERS 

Tuned to your specified 
frequency in the range 1-250 
MHz. 


B 








ffien^’I^tSS 2M MHz 


TYPEioio Masthead Weatherproof un^ .........C4.50+E1.50 p&p 

TYPE 9026 

GASFn/MDSFETRF 
PREAMPUHERS 

Aligned to your specified 
frequency in the range 1-250 
MHz. 

Masthead/local use 

pSp 
p&p 
p&p 
p&p 

TYPE 9031 

WIDEBAND RFPREAMPUHER 

1 KHz-100 MHz without tuning 


TYPE 90561^ MHz PRESCALER. Divides 100-1500 Mhz by 10.£S9.50-r£1.50 p3 

&TtpKe^?n"g^^?-^°^^^^^ - 


RESEARCH COMMUNICATIONS LTD. 

UNIT 3, DANE JOHN WORKS JJORDON^ROAp. CA^^^ KENT CT1 3 


TELEPHONE: CANTERBURY (0227) 56^ 

WW-IKOPHR FI IBTHFJt DETAILS 





CX80 COLOUR 

MATRIX PRINTER 

At last a low-cost Colour Matrix Printer for 
Text, Graphics, Histograms, Colour VDU 
Dumps, etc. 


New low price 

£795+v.a.t. 


Colour printout is quickly assimilated, 
makes graphics more understandable 
and is an ideal medium for the presen¬ 
tation of complex data or concepts. 


Compatible with most microprocessors, prints in 7 colours — sophisticated internal 
programme makes the CX80 easy to use. 

Dot Addressable -l- 15 user programmable characters, 96 ASCII and 64 graphics 
characters in rom. Centronics interface with RS232 and IEEE488 options. Apple II 
interface gives dot for dot colour dump. New viewdata interface prints out two pages 
side by side in full colour. See Prestel 200650. 

The CX80 is a product of our own design and development laboratories. It represents 
a British breakthrough in colour printer technology. Colour brochure on request. OEM 
pricing available. 


iniEGREK iiminD 


Portwood Industrial Estate, Church Gresley 
Burton-on-Trent, Staffs DE11 9PT 
Burton-on-Trent (0283) 215432. Telex: 377106 
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LEADER 

instruments set the pace 



Oscilloscopes 


When you select an instrument 
from the Leader range, you get 
more than just sound engineering. 
That's guaranteed - by rigorous 
quality assurance at manufacture, 
and a one year warranty. 

A broad range that covers most 
areas of test, measurement and 
calibration, with advanced features 
and high specification as 
standard. Prices that are lower 
than you'd expect are the bonus. 
Probes, covers, hoods and 
pouches are all available to en¬ 
hance the application potential and 
ensure that Leader instruments set 
the pace for others to follow. 


• Colour Bar Pattern Generator; 

• Sweep and Marker Generator 

• CRT Tester 

• Field Level Checker 

• Signal Level Meter 

• High Voltage Metered Probe 

• Signal Generators 


• 4 to BOmHz 

• Single, Dual and Quad trace 

• Delayed sweep 

• Wide bandwidth 

• High sensitivity 

• High accuracy 

• Battery operated 


M^thondof 


General Test 

• LCR Bridge 

• Semiconductor 
Curve Tracer 

• Transistor 
Testers 

• Logic Probe ffllp 


• Generators 

• Attenuators 

• System Analyser 

• Audio Tester 

• Distortion Meter 

• Equaliser Amp 

• Wow and Flutter Meter 

• Frequency Response Recorders 

• Millivoltmeters 

• Log Amplifier 

• Speaker Analyser A “■ 


Power Supplies 

• Laboratory bench type 
- • 5 models 

• 500mA to 5A 
• Overload Protected 


WW - 064 FOR FURTHER 
DETAILS 


Thandar Electronics Ltd, 
London Road, St. Ives, 
\ Huntingdon, 

Cambridgeshire 
PE17 4HJ England. 
Tel: (0480)64646. 
^ Telex: 32250. 
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Design for living 


Military needs are a powerful stimulus to 
invention. Large companies fall over 
themselves to tender for the latest 
‘defence’ requirement for a 
communications system or missile 
guidance, and mauy rely on military 
procurement for their existence. No 
expense is too high and the concept of 
deterrence, which implies that none of the 
equipment will ever be used for its 
designed purpose is, apparendy, 
irrelevant. 

Domestic equipment is the other major 
sink for materials and inventive talent. 

The pace of development in passive home 
entertainment shows no sign of slackening, 
even though the performance of, for 
example, audio systems is at the stage 
where it takes a collection of instruments 
to measure the difference between the 
original and the reproduction. Video 
recorders are a latter-day “opium of the 
people”. 

M this is not to say that the design 
effort expended on offensive or brain- 
paralysing electronics is wasted: very little 
ingenuity is ever a total loss, since 
engineering is engineering, in whatever 
walk of life it is applied, and ‘spin-off is 
always a benefit. 

It seems to us that the truly gigantic 
body of knowledge in electronics should be 
applied in an immediately useful, peaceful 
and thrifty manner to enrich human life. 
Since most of us in the developed countries 
already enjoy an existence which is far 
above the tolerable, it makes sense to assist 
those whose lives are made more difficult 
than they need be through physical 
handicap. 

With this in mind, our publishers 
announce this month a design 
competition, very open in its aims, to 
stimulate invention of aids to the 
handicapped. Anyone can enter — 
individuals or organizations — but 
perhaps the most rewarding form of entry 
would be by a small group, with the 
implied teamwork behind it. Such a 


competition offers two challenges: firstly, 
to decide what is needed, to stick to the 
decision when the going becomes difficult 
and not to change horses; and secondly, to 
carry out the design work itself - perhaps 
the easier of the two. 

The constraints to be applied, both in 
selection of goal and its realisation, are 
few, and are practical. For example, it 
serves no purpose to design a brilliant 
device to enable the deaf to hear if no-one 
can afford to buy it: similarly, a blind 
pedestrian will not thank the designer of 
his ‘hazard detector’ if it breaks down 
every time he goes out, leaving him 
expmed in the middle of the High Street 
race-track. 

It must feasible to manufacture the 
equipment, and it must be usable by the 
type of person for whom it is intended: 
aids have been produced in the past for 
which a commercial pilot’s licence would 
have been a distinct advantage. 
Maintenance — replacement of batteries, 
mechanical attention and the renewal of 
components such as tungsten bulbs should 
be kept to a minimum and, above all, the 
device must be safe: to be savaged by a 
deranged robot would not contribute 
greatly to one’s peace of mind. 

The rules stipulate that designs should 
be electronics-based, for the obvious 
reason that our readers are electronic 
engineers: this does not mean that designs 
for equipment which would be better 
without electronics will be welcomed - a 
sense of proportion is necessary. And 
solutions wUch are simply software 
written for existing hardware are not 
acceptable: this is an engineering 
competition, for which engineering design 
skills are needed. 

Schools, university departments, 
company design teams and individuals are 
all eligible to enter: the prizes are 
worthwhile and the highest reward of all is 
that of having assisted someone to live a 
more active life. 
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Domestic alarm 
system 

A low-cost unit which possesses a number of features designed to cause the maximum 
confusion and frustration for a house-breaker 


Of the many low-cost domestic alarm 
systems on the market today, most 
combine their arm, disarm and other 
circuitry in a single box, sometimes 
including a built-in intruder sensor and a 
noisemaker. Although convenient to use 
and install, such devices can be self- 
defeating: if spotted by an intruder, they 
may be quicWy disabled or destroyed. 
This relatively economical project is 
designed to be less vulnerable. A remote 
ann/disarm facility and remote sensors 
allow its main unit to be safely hidden and 
locked away. Once the system fires, 
clocked logic sequentially sets off three 
individually placed noisei:^ers to distract 
and confuse the intruder. These later shut 
down to save neighbours’ nerves, but an 
outdoor lamp flashes for an additional 20 
minutes to persuade them that a true 
break-in has occurred. The lamp also helps 
police localize the endangered premises. 
Finally, the system rests and awaits a new 
trigger. An external storage battery pro¬ 
vides the relatively high current consiuned 
by the noisemakers and the lamp, and 


By Paul E. Bruin 


supplies over-all circuit power in case 
mains power fails. 

Main unit 

Figure 1 shows the system’s main circuit, 
cont rolled via input terminals DISARM 
and FIRE. The FIRE input goes low only 
when a normally closed alarm loop, routed 
through perimeter sensor switches to V", 
is broken. If DISARM is made high, the 
output of IC2 goes low, forcing the Q 
output of master latch ICjb and ICjc high. 
This clears or resets all subsequent 
circuitry and prevents further circuit 
operation. The DISARM high level is 9 V. 
Should external tampering short-circuit 
DISARM to V+ (13.8 V), Trs, acting as a 


Fig. 3. Remote-control unit. 


ICj Outputs go high sequeotiolly 

'? 1 

sWlI 

\ 2 .r i 

1 i 1 

hJiJ" 


0 10 20 30 «) 50 

[ i t(seconds) 

^ 'lc6^“enQb\ed 

Fig. 2. Counter IC 4 timin g diag ram, 
showing 20 s delay after FIRE input. 


Fig. 1. Main control circ uit dia gram - 
inputs are DISARM and FIRE. 
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Fig. 4. Power supply, which also charges external battery. 


level detector, inhibits false disarming by 
clamping the ICi input to ground. 

If DISARM goes low, all remains 
passive until the alarm loop is broken. 
Then, ICi output goes high, producing a 
fast, negative-going voltage at pin 4 of 
Schmitt trigger IC3, as it inverts the 
change. This edge triggers the master 
latch, bringing its Q output low and 
further enabling the system. Safety relay 
RLi, is activated by driver transistor Tri, 
providing current for the other relay 
contacts wh ile swi tching on a red led to 
indicate the FIRE co ndition . The system 
ran be placed in the FIRE or DISARM 
states manually by depressing Si or S2 
respectively. 

Ripple counter IC4 is the system clock. 
It divides its internal oscillator frequency 
(set at 12Hz by Ri and CO by 2“, where n 
can be one of several integer values 
depending on ±e output pin selected. 
Thus, the 2* output pin of IC4 completes a 
timing cycle t = (2* X V12) about 20 
seconds after the clock is enabled by a 
FIRE input. For the first half of this 
period, the 2* output stays low; it then sets 
latch IC5, at its 10-second positive-going 
transition. This enables IQ, a parallel- 
output shift register, which serially loads a 
‘one’ every time a 10-second signal clocks 
it from the 2^ output of IC4. In this way, 
the IQ outputs, which drive transistors 
Tr2, Tr3 and Tr4 to close noisemaker 
relays RL2, RL3 and RL4 go high 



Fig. S. Main unii constructibn, bh 
Veroboard. ICi and ICt are optb-isolators. 


sequentially from 25 seconds after FIRE 
occurs, at 10-second intervals (as in Fig. 
2). They stay high until the shift register is 
later cleared. As IQ pin 14 clocks high, 
latch ICsb is set, removing drive from Tr^. 
This allows Trs to be turned on and off 
with a 0.5Hz signal, derived from the 
clock, and can flash an exterior warning 
lamp through relay RL5. Approximately 
three minutes after the FIRE input goes 
low, IQ pin 1 goes high, shutting off the 
noisemakers. Transistor Tr7 prevents IC5 
from re-starting them during repetitive 
clock progressions before final system 
reset. Some 20 minutes later, IC3d triggers 
on the falling edge of the clock’s slowest 
output count, resetting the master latch 
and IQb. The external lamp stops 
flashing, and the system’s timing cycle is 
complete. 


Control unit 

The heart of the remote control unit in 
Fig. 3 is latch ICyb, whose Q output 
determines the state of the DISARM line 
routed to_the main control unit. When the 
latch’s Q output is high, analogue 
switch ICsa is closed, illuminating green 
led Di to indicate the system is disarmed. 
The lOOfl and 8200 resistors form a 
voltage divider which sources the 9 V 
DISARM signal when the green led is on. 

Pushing S3 brings monostable ICy, Q 
output high, lighting yellow led D2 - an 
intermediate condition. About 20 seconds 
later, the monostable times out, positive- 
edge setting the latch and lighting red led 
D3. ^w the system is armed, for with 
ICyb Q low, the DISARM sipal is also 
low and the main control unit is free to 
respond to a break in its perimeter d.c. 
alarm loop. Optoisolator IQ monitors that 
loop. If there is a break, its output goes 
high, enabling ICio to flash led D4. This 
warns the user against activated sensors 
(e.g., forgotten open doors, windows, etc.) 
before he sets the alarm. To disarm the 
system, S4 must be briefly opened. This is 
a normally closed reed switch, hidden 
either inside the control unit itself or 
elsewhere, and is activated by brushing a 
magnet nearby. 


Power supply 

The power supply combines a full-wave 
rectifier bridge, a smoothing capacitor and 
an LM317K adjustable regulator to 
provide a d.c. source from its a.c. line- 
powef transformer. The power supply 
output voltage* which is also used to 


Mr Bruin was born in Amsterdam, 
Holland, was raised in Lebanon and 
attended British and American schools 
there. After graduating from the 
American University of Beirut with a 
B.Sc. in 1976, he found work with CBS 
News as a television sound recordist 
covering the Lebanese civil war. The job 
later took him to Africa for 18 months, 
travelling around the continent with a 
cameraman and correspondent. By 
1978, photographic film had given way 
to fully electronic video news coverage, 
and he was moved to Europe to give 
technical support to news operations 
and set up a video maintenance facility 
in London. As a field engineer, Mr Bruin 
now travels abroad to install and 
operate television systems at remote 
news events, and supervise electronic 
maintenance. 



Di GREEN O2 YELLOW D3 RED 
Fig. 6. Remote unit in its metal box. 


charge the external battery, is set by the Ik 
potentiometer. 

Construction 

iTie prototype’s main circuit board (that 
is. Fig. 1) was built on 10 x 15 cm 
Veroboard in a metal case. The power 
supply regulator, ICn, should be mounted 
separately on a heat sink that will dissipate 
15 W comfortably. 

Normal c.m.o.s. handling precautions 
should be observed, and i.c. sockets 
should be used so that the integrated 
circuits can be inserted after soldering is 
complete. 

Wiring is not critical, but the lead to 
should be kept as short as possible, and the 
wires carrying high current via the relays 
to the noisemaker and lamp outputs 
should be as thick and short as practical to 
reduce IR losses. 

On the rear of the main unit, insulated 
binding posts or ‘speaker type’ spring- 
action terminals can be used to connect the 
output loads and the external battery. A 
four-terminal barrier strip alloWt 
continued on pait iS 
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High-impedance 

electronics 

A discussion of voltage-follower circuitry for measurements from high-impedance 
sources. A subsequent article will describe the precise generation and measurement of 
currents in the nanoampere range 


A conunon experimental procedure in 
neurophysiology and biophysics is the 
recording of voltage signals from single 
nerve or mucle cells^ The most accurate 
measurements are usually made via a fine- 
tipped hollow glass tube (micropipette) 
filled with concentrated salt solution and 
inserted into the interior of the cell (Fig. 
1). To minimiz e damage to the cell’s mem¬ 
brane, the diameter of the micropipette at 
its tip is only 0.05 - 0.5 inn and the 
resistance of the tapered column of salt 
solution is therefore high, typically 5-50 
Mft or more. The biological signals of 
interest are 0.1 - 100 mV in amplitude, 
occupying a bandwidth extending from 
zero to perhaps 5 or 10 kHz. 

The principal tasks of the electronics are 
to offer an input resistance at least two 
orders of magnitude greater than the equi¬ 
valent somce resistance, and to generate a 
bias current sufficiendy small not to dis¬ 
turb the impaled cell or produce a signifi¬ 
cant offset potential. Some nerve cells may 
be excited by currents less than 1 nA and 
so the bias current needs to be below 10 
pA. Other aspects of performance that 
may be important in certain applications 
include bandwidth, noise, drift, gain ac¬ 
curacy and dynamic range. Voltage gain 
per se is not usually a consideration since it 
can be provided without difficulty once the 
signal is made available at low impedance. 

These design constraints were formerly 
met, not very conveniently, by the use of 
electrometer valves such as ±e Mullard 
ME1400 (acmally a “domestic” pentode 
with top grid-cap, selected for small grid 
current) connected in pairs as differential 
cathode followers, and run with' reduced 
anode voltage and heater current. When 
fets were introduced, attempts were made 
to use them because of their small size and 
easily met power-supply needs. However, 
the rather large temperature coefficient of 
Vgs (about 2 mV^) posed problems, 
subsequently solved by the appearance of 
monolithic dual fets. In the circuit of Fig. 
2 both fets operate at the same drain cur¬ 
rent (loss of Tra). Since the fets are 


Department of Pharmacology, University of 
Otago, Dunedin, New Zealand. 


matched and at the same temperamre, 
Vnsi=VGS2=0. The output buffer 
prevents loading and dismrbance of the 
match of drain currents. 


by R. D. Purves, Ph.D. 


In recent years, fet operational ampli¬ 
fiers with extremely good specifications 
have become widely available. The RCA 
CAS 130 and its internally compensated 
version the CA3160 are priced at less than 
£1 and offer an input resistance of more 
than 1 Tfl with a typical bias current of 5 
pA at room temperature. The CA3140 has 
only slightly worse specifications and 
allows operation from ±15 V supplies, 
whereas the CA3160 is restricted by its 
c.m.o.s. output stage to a total supply of 
16 V and gets very hot indeed if inad¬ 
vertently connected to ± 15 V. The LF356 
is another low-cost device with good noise 
performance. More expensive devices in¬ 
clude the Teledyne-Philbrick 1425 and 
1439, and the Burr-Brown 3523, the last- 
nam^ giving — at a price — spectacularly 
low noise. 

Bootstrapping 

Bootstrapping (Fig. 3) provides a simple 
means of increasing apparent impedances 
(or equivalently of reducing apparent ad¬ 
mittances). The principle is that when a 
signal voltage is applied simultaneously to 
the two ends of a resistor or capacitor, no 
signal current flows. In Fig. 3(b), if the 
gain of the feedback amplifier is A, the 
apparent value of the admittance element 
is Y (1 - A). Since for a voltage follower A 
1.0, the unwanted admittance can be 
reduced to virtual non-existence. 

The input admittance of an operational 
voltage follower, whatever its internal con¬ 
struction may be, is chiefly an admittance 
to the power supply terminals, because the 
other relevant terminals (output and 


inverting input) already have the unity- 
gain signal impressed on them. Bootstrap¬ 
ping the supply lines is readily accom¬ 
plished by circuits like that of Fig 4. Read¬ 
ers unacquainted with the concept may 
feel uneasy about bootstrapping an entire 



Fig. 1. Intracellular recording of potentials 
from a nerve or muscle cell. The tip of the 
micropipette is inserted through the celi's 
membrane. A reference potential is 
estabiished by an earthed electrode 
contacting the extraceiluiar electrolyte. 



Fig. 2. Voltage follower using matched 
junction fets as input stage. 



(a) (b) 


Fig. 3. The bootstrap, (a) An unwanted 
admittance Y shunts the signal lead, (b) 
The earthy end of Y Is driven by the signal 
at unity gain. Y is still physically present, 
but no signal current flows through it. 
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Rg.4. Bootstrapping 
the power supplies to 
an operational voltage 
follower. With no 
input signal, the 
suppliers to the input 
stage sit at ±7.5V. If 
1 Vis applied to the 
input, the supplies 
shift to +8.5Vand 
-6.5V. 


amplifier (surely one only bootstraps pass¬ 
ive components?), but the circuit does 
work as advertised. Indeed, some opera¬ 
tional amplifiers have internal bootstrap¬ 
ping of the input stage. If the signal gain 
from input to supply leads in Fig. 4 is 
adjusted to be very close to unity, im¬ 
provements of several orders of magnitude 
in the input impedance can be obtained. 
Even ordinary bipolar amplifiers such as 
the 741 can be given an effective input 
resistance of many GCl. 

The bootstrapped configuration, unfor¬ 
tunately, does not lead to similar improve-. 
ments in the bias current. The 741 with its 
80 nA bias remains grossly unsuitable for 
signal sources of high resistance. Some fet 
devices have bias currents in the sub-pi- 
coamp range (Analog Devices AD41, 
AD42 and AD515, and Teledyne-Phil- 
brick 1035), but for the ultimate in low 
bias current, parametric (varactor bridge) 
amplifiers can be used. The Teledyne- 
Philbrick 1702 and Analog Devices AD322 
feature bias currents of 2 fA and 10 fA 
respectively. Parametric operational am¬ 
plifiers have extremel:\ limited band- 
widths, but signals from ultra-high-resis- 
tance sources rarely have rise times of less 
than a few tens or hundreds of millise¬ 
conds. 

The physical design of the input circuit 
needs careful treatment if source resis¬ 
tances in excess of 100 Mfl are contem¬ 
plated. To mount one of these high quality 
amplifiers on an ordinary printed circuit 
board is to destroy its performance utterly. 
The pin connexions of the T05 and 8-pin 
d.i.l. packages are not ideal, since V“ is 
adjacent to the non-inverting input. A fin¬ 
gerprint or other contaminant at this posi¬ 
tion can easily increase the leakage current 
to the nanoamp range. The more exotic 
amplifiers are sometimes packaged in a 
physically large form giving better isola¬ 
tion to the input. The most reliable insula¬ 
tor for high-impedance work is air; the 
input lead should pass directly to the am¬ 
plifier’s input terminal, any intervening 
mechanical connexions be^ made on 
p.t.f.e. stand-off insulators. After con¬ 
struction, the input stage should be de¬ 
greased with fluorocarbon solvent and 
rinsed several times in deionised distilled 
water before careful drying. 


Response speed 

The principal enemy of response speed is 
the total shunt capacitance at the input 
which, together with the source resistance, 
forms a low-pass filter. The input capaci¬ 
tance of the amplifier by itself is typic^y 4 
pF; when combined with a source resis¬ 
tance of 50 Mfl this contribution alone 
gives a rise time of 2.2RC=440ps, consid¬ 
erably too slow for some neurophysiologi¬ 
cal apphcations. Fortunately the bootstrap 
technique of Fig. 4 reduces the amplifier’s 
input capacitance to an effective low fre¬ 
quency value of a fraction of a picofarad^. 

The stray capacitance of the connecting 
lead depends on physical layout and is 
minimized by construction of the input 
circuitry as a small probe placed as close to 
the source as possible. Alternatively, the 
input lead can be screened and the core-to- 
screen capacitance bootstrapped from the 
voltage follower’s output. TTiis approach 
tends to degrade noise performance since 
the necessarily large capacitance from core 
to screen couples noise at the output back 
into the input. 

The remaining capacitance is that of the 
signal source itself. The neutralizing or 
“negative capacitance’’ arrangement of 
Fig. 5 is commonly used to overcome this 
last limitation on response speed. A 
textbook account of this circuit would des¬ 
cribe it as a negative immittance converter, 
in which the shunt value of Q as seen from 
the input is Q (1 - A), where A is the 
signal gain at point Y. If A > 1, the 
effective value of Q is negative. More 
concretely, we can a^yse the circuit by 
recognising that whenever ±e input signal 
(and hence ±e potential at point X) is 
changing, some current is shunted to earth 
via C. In the absence of the feedback cir¬ 
cuit this current must be drawn from the 
input and causes an ohmic potential drop 
across R. Under these conditions the po¬ 
tential at X cannot be a faithful replica of 
the input. The purpose of the feedback 
components is to supply most of the 
“error” current through Q, so that it does 
not have to be drawn from the input. 

Ideally A would be adjusted to the value 
(l-(-CyCf) so that the negative effective 
value of Q exactly cancels the positive 
value of C. In practice, perfect neutraliza¬ 
tion is prevented by phase shift in the 


amplifiers. The rise time with optimum 
neutralization is roughly the geometric 
mean of the amplifier’s rise time and the 
original (unneutralized) input circuit’s rise 
time (see appendix). The feedback ampli¬ 
fier should compensated for fastest res¬ 
ponse at the gain used, not for stability at 
unity gain. A 357 operational amplifier is 
shown in Fig. 5; this is a version of the 356 
internally compensated for a gain of 5. 

There is an advantage both for low noise 
and short rise time if the total capacitance 
seen by the input lead is made as small as 
possible. In an ingenious design by 
Thomas^ the feedback capacitor is not pre¬ 
sent at all, negative capacitance beirig ap¬ 
plied via the amplifier’s own input capaci¬ 
tance. The supply lines to the follower are 
driven by the signal, as in Fig. 4, but wi± 
a gain adjustable from 1 to 3.2. Thomas 
illustrates step responses with rise times 
less than 10 |is from a 10 Mfl source. 

Appendix 

Rise time of capacitance neutralized 
input stage 

In Fig. 5 the high-frequency behaviour of 
the voltage follower may be represented by 
a single pole with time constant t (typically 
0.04-0.15 |is); its transfer fimction Eout/E, 
is therefore 1/(1-l-sx). For simplicity the 
feedback amplifier will be assumed infini¬ 
tely fast. Kirchoff s current law appUed to 
the input (point x) gives: 

pdE„ _ Ein-E, pd(AEou,-E,) 

‘"dt R dt 

In the Laplace transform do main the out¬ 
put signal following an input step of mag¬ 
nitude E is found, after some rearrange¬ 
ment, to be 

E„u,= 

_E^_ 

s{s^R(C-(-Q)-t-s(RC-^-T-t-RQ{l-A])-^ 1 

where s is the transform variable and ^ 
has been eliminated by the relation E, 
continued on page 66 




Fig. 5. Capacitance-neutralised voltage 
follower. R and C are the series resistance 
and shunt capacitance of the signal source. 
Signal gain at point Y is adjustable from 1 
to 5. The follower stage, here shown as a 
356 operational amplifier, is often 
constructed with bootstrapped supplies as 
in Fig. 4. 
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Assembly language 
programming 

The main hurdle to overcome with assembly language programming is getting started, 
and the object of this series is to guide beginners to the subject through the fundamentals 
to a stage where you are able to continue with the processor of your own choice. 


Many people are becoming acquainted to¬ 
day with programming microcomputers, 
usually in a high-level language such as 
Basic. High-level languages provide an 
easy means of programming and take all 
the hard work out of data processing and 
“number crunching” tasks. However, not 
all programming of microprocessors is 
done at a high level. 

In many applications, progr amming at a 
low level, or assembly language, is pre¬ 
ferred for several reasons. High-level lan¬ 
guages have the disadvantages that they 
use a great deal of memory for program 
storage compared with progr amming in 
the processor’s native code, are slow in 
operation and are usually not well suited to 
control applications. 

For high-volume production applica¬ 
tions, the higher initial costs of program 
development in assembler will be more 
than offset by the lower memory costs per 
unit. For smaller applications there is a 
simple rule-of-thumb guide for the best 
approach; if the task is mainly maths or 
data processing, use a high-level language; 
if it is mainly process control, use assem¬ 
bler. 

Architecture 

When programming a computer in a high- 
level language, the architecture of the 
particular central processing unit, or 
microprocessor, in use is not a matter of 
great interest to the programmer, but 
when programming in Assembler it is 
essenti^ to fully imderstand the workings 
of the processor in use. 

Figure 1 shows the programming 
models of the various microprocessors 
which will be referred to in this series. 
These models consist of a list of the regis¬ 
ters in the central processing element avail¬ 
able. The various registers have different 
and specialized functions, but generally 
speaking, registers are stores of bits of 
i^ormation which the c.p.u. can use or 
manipulate. 

Data can be passed in both directions 
between the registers and memory or peri¬ 
pheral devices along the data bus in groups 
of eight bits (the processors discussed are 
eight-bit devices). In the registers the data 
can be manipulated by arithmetic and logic 
functions, the functions performed de¬ 


pending on the instructions given to the 
c.p.u. by the program. 

Five registers 

Accumulator. Let’s have a look first at the 
five registers available on the 6805. The 
first is the acciunulator, an eight-bit regis¬ 
ter with the individual bits numbered 0 to 
7. This is designed to hold the data for 
manipulation. All the processors have at 
least one accumulator. 

Operations that can be performed on the 
data in the acciunulator include adding a 
binary number to the contents of the accu¬ 
mulator, the result replacing the first 
number in the accumulator; subtracting a 


by R. F. Coates 


number from it; shifting the bits by one, 
either left or right. Shifting is useful when 
multiplying. Only the 6809 has a specific 
instruction for multiplying two numbers 
together, and so with the others it’s down 
to basics if you wish to multiply, by shift¬ 
ing and adding. How this is done is des¬ 
cribed later in the series. 

Index register. The index register (X) is 
generally used as an index or pointer to 
data. For instance, there is an instruction 
to enable the accumulator to be loaded 
with data from a specified location in 
memory. It is also possible to do this with¬ 
out specifying the address of the memory, 
but specifying that the address is contain^ 
in the index register, or ‘pointed’ to it by 
the index, having been previously loaded 
with the address. 

Program counter. The program counter is 
also used as a pointer, not to data, but to 
the program in memory. 

Microprocessors operate by fetching and 
executing instructions stored in memory as 
sequential binary codes. The program 
counter itself contains an libit binary 
number which gives the address of the 
next instruction to be executed. The c.p.u. 
places this libit binary number, onto the 
address bus, which selects the memory 
location containing the next instruction. 
The memory then places the eight-bit bi¬ 


nary instruction code it contains on the 
data bus, to be read by the c.p.u. and acted 
on. The program counter is then automat¬ 
ically incremented to point at the next 
instruction, which is fetched from the 
memory when the current instruction has 
been completed. 

The libit program counter means that 
there are possible binary combinations 
it can provide, so that it can address 2048 
different memory locations. In fact, there 
are 1796 locations in the program memory 
(eprom) of the 68705 used in the Picotutor; 
the rest contain ram and i/o ports and a few 
are unused. The other processors have a 
16bit program counter. 

Stack pointer. This is also an libit regis¬ 
ter, but bits 5 to 10 are permanently fixed 
at a certain binary value and only bits 0 to 
4 can be altered. Only one instruction 
allows the user to alter this register, and 
that sets bits 0 to 4 to a logical 1. The stack 
pointer then just happens to contain an 
libit address which corresponds to the 
address of the last location of ram in the 
6805. 

But what is the stack pointer for? 
Though the c.p.u. fetches instructions in 
numerical sequence from the program 
memory, life isn’t always that simple, 
^metimes it is necessary to jump to 
somewhere else in memory to execute a 
collection of instructions there. It is com-’ 
mon to have a particular sequence of in¬ 
structions which may occur several times 
in a program, and rather than repeat them, 
it saves memory space if it is inserted once, 
and when required, the numerical sequ¬ 
ence of instructions is broken and control 
jumps to this separate section, or subrou¬ 
tine, and returns back to the main program 
when finished. 

This is exactly the same as the GOSUB 
function in Basic. When a program en¬ 
counters a ‘jump to subroutine’ instruction 
it has to provide some means of recording 
where it has to return to after executing it. 
A device called stack, an area of ram is 
used for this and the ‘jump to subroutine’ 
instruction causes the address of the next 
instruction in the sequence (obtained by 
advancing the program counter) to be 
placed in that ram. 

The stack pointer indicates the next free 
space available on the stack. The return 
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A I Accumulator 


I X I Index register 

10 0 _ 

I PC ' I Se? 

10 5 A _0 

|0|0|0|0|1[1| SP I Stack pointer 




(b) 


■ Pointer registers 


Program counter 
Accumulators 


D 

7 _0 

DP I Direct page register 

|e|f|h|i|n|z|v|c| CC-Candition code register 
(cl 


U - User stack pointer 


S - Hardware stack pointer 


the6805, (L,. ---- 

Blocks represent registers with different functions used for 
storing data directly manipulated by the processor. 


Interrupt Memory 

vector refresh 


Index register IX 


Index register lY 


Special purpose 
registers 


Stack pointer SP 


Program counter PC 


Id) 


Picotiitor 

Resistor Ri on the analogue interface 
board should be reduced to 8.2k if cali¬ 
bration cannot be achieved. Some of 
the first kits from Magenta have a I2kn 
resistor in this position so a replace¬ 
ment will almost certainly be needed. 
Display type numbers omitted ffmn the 
main Picotutor paru list are either 
NSA1S88A (g-digit, O.Hin) or 
NSA1198 (9-digit, O.lin); both are 
National Se^conductor devices. 


address is pushed onto the stack, and the 
pointer automatically moves down one. 

Each ram location though is only eight 
bits wide and the program counter con¬ 
tains llbits, so two ram locations are re- 
■quired. Bits 0 to 7 are pushed to the stack 
first, and SP decremented. The remaining 
three bits, 8 to 10, are now pushed on 
leaving five bits in that ram location 
unused. SP is decremented again, and now 
points to the next free stack location, in 
case our subroutine happens to call 
another subroutine itself. This is nesting. 


At ±e end of the subroutine, a ‘return 
fiom subroutine’ instruction is executed 
vdiich causes the return address to be 
pulled fiom the stack, incrementing the SP 
as it does so. The return address is now 
forced into the program counter, and exe¬ 
cution continues from that point. 

With all the other processors, the stack 
pointer is a 16bit register and can be 
pointed anywhere in memory for greater 
flexibility. Also, other registers may be 
pushed onto the stack to temporarily save 
them. 

Condition code register. The condition 
code register (flag register on the Z80) is a 
collection of individual bits or flags which 
are used to indicate certain conditions that 
prevail following execution of the last in¬ 
struction. There are five flags in the 6805 
condition code register. The H and I flags 
are discussed later. 

The N bit indicates if the result of the 
last operation was negative, the Z bit if the 
result was zero, and the C bit if a carry was 
generated, say from adding two eight-bit 
numbers which save a nine-bit result. 
These flags can then be used by instruc¬ 
tions following the one that set them to 


make decisions as to how to proceed. Their 
use will be clearer when we come to the 
progr amming examples. 

Other registers. Finally a word on some of 
the other registers av^ble on the other 
processors. The 6809 has two index regis¬ 
ters X and Y and a second stack pointer, 
U, can also function as another index regis¬ 
ter if required. A “direct page’’ register on 
the 6809 will be explained when we come 
to addressing modes. 

Besides the registers already mentioned 
the Z80 has a number of general-purpose 
registers not available on the Motorola 
processors. These can be used for manipu¬ 
lating data within the c.p.u. Transfering 
data from memory to c.p.u. takes a consid¬ 
erable amount of time and having a 
number of general-purpose registers 
within the c.p.u. can speed up the opera¬ 
tion, particularly in ‘number-crunching’ 
applications. However, there are situations 
in real-time applications where multiple 
c.p.u. registers can actually slow things 
down. This has led to processors such as 
the Texas 9900 which implements all re¬ 
quired registers in ram rather than in the 
processor. Consequently there are argu- 
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mcnts for and against multiple general- 
purpose registers and Motorola chose a 
compromise of essential registers on the 
c.p.u. and the ability to implement regis¬ 
ters in ram, which offers greater flexibility 
and is not possible with the Z80. 

Probably the most important factor for 
the beginner is the fact that the fewer the 
registers the easier it is to learn to 
program, and this was a major factor in 
using the 6805 as our basis. 

The numbering system almost uni¬ 
versally used in microprocessor program¬ 
ming is hexadecimal notation, and in 
counting to the base 16, the characters A to 
F represent the decimal values from 10 to 
IS in hexadecimal. 

A group of four biipy digits gives a 
possible T or 16 combinations, and these 
could be represented by one of the 16 
hexadecimal characters shown in the fol¬ 
lowing table 


Binary value 

Hex cluracter 

0000 

0 

0001 

1 

0010 

2 

0011 

3 i 

0100 

4 ; 

0101 

5' 

0110 

6 

0111 

7 

1000 

8 1 

1001 

9 

1010 

A I 

1011 

B 

; 1100 

C 

1101 

D 

1110 

E 

nil 

F ■ 


If we take a binary number and divide it 
up into groups of four digits each group 
can be assigned its hexadecimal eqtiiva- 
lent, which reduces the number of charac¬ 
ters required by four. The 16bit value 
1011010000001111 
becomes B40F, which is much easier to 
write and remember. 

To avoid confusion when working with 
hex numbers a sufBx or prefix is normally 
added to a hex number to distinguish it 
from decimal. Motorola use the prefix *$’ 
whilst Zilog use the suffix ‘H’ for this 
purpose. In these articles the *$’ prefix will 
denote a hex number where necessary. 

So much for the boring fundamentals of 
assembly language progr amming ; next we 
shall be looking at some of the instructions 
of the 6805 and trying out some simple 
programs and the equivalents for the other 
processors. 

To be continued 


continued fivmpageSO 



Rg. 7. Connexion of units to form complete system. 


switches to the output contacts of a motion 
detector or light beam device. All switches 
must be wired in series. 

Any 12 volt d.c. bells, horns or sirens 
with a current drain of less than 2A can be 
used with this project, and a wide selection 
are readily available. An accessory red, 
12V rear light for a caravan or trailer 
makes a good external lamp for the alarm, 
and can be bolted to an outside pipe, 
railing or wall. Wires running to these 
loads should be at least 16A.w.g., or 1mm 
in copper core diameter, and each run must 
be fused at the control unit end with a 2A 
fuse. Automotive in-line fuse holders are 
convenient and cheap for this purpose. 

For the external battery, an ordinary 
lead/acid car or motorcycle type is 
recommended. It should be placed in a 
reasonably ventilated location, to prevent 
small amounts of gas released during 
charging from collecting to become a 
possible explosion hazard. \5ISS& 


connection of the DISARM, FIRE, + 12V 
and groimd lines to the remote control 
unit. 

The remote circuit can also be wired on 
veroboard. Leads to C, should be kept 
short. The board can be fitted inside a 
small plastic box. Holes drilled in the back 
(or a strip of Velcro stuck to it) will allow 
wall mounting. 

Peripherals 

All perimeter alarm loop switches must be 
of the ‘normally closed’ variety (these open 
when triggered). They can be anything 
from simple magnetic reed or pressure mat 
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Autoranging 
frequency meter 

This meter measures frequencies in four ranges up to WMHz (9,999kHz) with automatic 
switching between the ranges. It displays the four most significant digits. 


The meter consists of four principal parts: 
input, timing, scaling and counter/display 
sections. Each is described separately but 
it must be noted that they are not necessar¬ 
ily separate modules, for example ICio and 
ICii are shared between the timing and 
scaling sections. 

Counting and display 

The main counter. Fig. 1, is built around a 
74C926 i.c. which has four binary-coded 
decimal counters with multiplexed outputs 
to common-cathode led seven-segment 
displays. The counter module receives the 


by F. P. Caracausi 


signal to be counted through MCP. A posi¬ 
tive signal (see note) on the MCP line, 
labelled ‘store’, will latch the counter value 
into the internal output latches and this 
value is displayed permanendy as the 
display select input to the 74C926 is held 
low. The counter is cleared by a positive 
pulse on the MCL line and the ‘carry out’ 


signal is used to indicate an overflow, oc¬ 
curring whenever the count advances from 
9999 to 0000. This negative-going transi¬ 
tion is switched back to positive between 
5999 and 6000. The underflow signal at 
MUF is a IkHz (multiplexer frequency) 
pulse train which occurs as long as the 
most significant digit is zero; when the 
m.s.d. is not zero, there is no output. 

Scaling 

The signal to be measured is fed to three 
cascaded decimal dividers, IQ,7,8 (Figure 



^ soon ^ 10 ;j i 
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Fig. 1. The counter and display module built around a 74C926i.c. 
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Fig 2. The scaling circuit automatically - 
selects the range to be displayed. ^ 



physics at Palermo University. He has 
published several articles in electronics 
magazines. He works at the Cassa 
Centrale di Rispiarmo as a senior 
programmer for systems and data 
processing. 


2) . Depending on the value of the scale 
counter IC9, the input frequency is divided 
by 1, 10, 100 or 1000. Provided that the 
MCE line is ‘high’, the signal is fed to the 
counter section through MCP, while the 
appropriate decimal point signal is sent 
through DP 0, 1 or 2. The displayed 
number is read as kHz. 

Coimter IC9 is advanced by a positive 
clock pulse, SCP, and is cleared whenever 
it reaches a count of four o\ when the SCL 
signal is high. SCL and SCP both come 
from the counter module where SCP is 
generated when there is a overflow signal 
from the counter and SCL is derived from 
the underflow signal. 

The counters ICej.s are enabled by a 
low signal on ICE and cleared by ICL 
going high. ICE and ICL are generated in 
the timing circuit when overflow or un¬ 
derflow signals occur. 

Timing 

The decimal counters ICi and IC2 (figure 

3) , fed with a 50Hz pulse train, give a 
positive signal once a second. On the sig¬ 
nal, MCE goes high which enables counter 
IC3, disables IC2,6,7,8 j and stops the clock 
going to the main counter (signals MCE 
and MCP on the scaling circuit). MCE 
goes low if an overflow occurs on the main 
counter (MOV is low) and this makes Q on 


Fig 3. The timing module generates 
control signals for the scaling and ► 
counting circuits. 



WIRELESS WORLD MARCH 1983 



























































































Fig. 4. Input module. 



Fig. 5. Power supply. Two versions of a 60Hz clock generator are given, one derived 
from the mains frequency, the other gives quartz crystal precision. 



Rg. 6. Interconnections between the sections. 


FFi go high and advances counter IC9 by 
one to change the range. As IC3 is enabled, 
it can generate the store signal, MST, and 
the clear signal, MCL. At the same time, 
through ICL, ICe.T.ss both flip-flops and 
IC14 ^ count period 

starts. 

In an underflow condition FF2 is set at 
the end of the count period as J on FF2 is 
connected to output 5 of IC2 which only 
goes high on a count of 50. When FF2 is 
set, IC9 is cleared through SCL and the 
next count starts at the lowest range 
(X.XXXkHz). An overflow condition may 
be simulated by pushing Si. This may be 
necessary if the main counter locks, which 
can happen because the 74C926 can 
operate at frequencies up to 3 or 4MHz. 

Input circuit 

Figure 4 represents a classical circuit 
which requires no comment. R, is set to 
give the bnt results. 

Power supply and 50Hz generator 

The power supply is a standard circuit to 
give Vdd (12V) and Vcc (5V). In Figure 5 
there are two circuits for clock generators 
for the rimin g circuit. The first derives a 
signal from clipping the a.c. input, theore¬ 
tically SOHz. The second is built around an 
HBF4700 to give SOHz with quartz preci¬ 
sion. 

Note. According to the 74C926 data sheet: 
“A low signal on the latch enable input will 
latch the number in the coimters into the 
internal output latch”. I found that it 
needed a hi^ signal but if some versions 
of the i.c. work as described, it would be 
necessary to invert the signal by discon¬ 
necting the link between pin 11 of ICio and 
pin 11 of ICu and then connecting pin 11 
of ICio to pin 10 of ICn (Figures 2 and 3). 
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Two-metre transceiver 

Coordination and frequency indication are functions carried out by these two modules of 
Forrester's multi-mode transceiver. At the heart of module 8 - the processor/interface 
board - is a 6805 microprocessor with built-in p.i.a. This section interprets front-panel 
settings and controls mode, frequency, and memory operations while module 9 converts 
port signals into an i.e.d. readout. 



Bits for the synthesizer-control word are set on iCgoo^iSS shown. Nine least-significant 
bits are required for the range 135- 137MHz, the remaining six are hard wired. Full adder 
iCaoz produces offset required to provide nine control bits from an eight-bit processor 
port. 


Module eij^t uses a c.m.o.s. MC14680S 
microprocessor (Motorola) which was cho¬ 
sen from the many now available for sev¬ 
eral reasons. Most modem processors have 
built-in ram and clock-generator circuits 
but the 6805 also has its own peripheral- 
interface adapter, or p.i.a., which provides 
a means of getting data in and out of the 
processor. This factor, combined with the 
device’s low power consumption of 20mW 
and its potential for single-stepping 
through a program to aid debugging make 
it ideal for this application. Memory in the 
form of a 2716 eprom and five other i.cs 



are used in the assembly-language program. 


are all that is required to interface the 
microprocessor to the transceiver, as the 
circuit diagram shows. 

First described is the operation of the 
microprocessor as this will lead to a better 
understanding of the hardware around it 
and how the software functions. In the 
software, a master-control program calls 
various subroutines depending on control 
settings and these subroutines may call 
further subroutines; at times there may be 
eight levels of subroutine in use. 

Before the microprocessor can act, it has 
to contain dau relating to the front-panel 
control settings and it acquires this in¬ 
formation by setting one of its p.i.a. B-port 
lines high. Pin 36 of the processor is one 
line used for this purpose. This line, called 
controls enable, is connected to the com¬ 
mon of switches for mode, scan, memory, 
memory write and skip control. These 
switches are sensed by p.i.a. A-port lines 
through diodes when pin 36 is high; any 
switch closed while the controls enable line 
is high shows a logic 1 on its A-port line. 
This port is examined by the software and 
a decision made as to which subroutine is 
to be called for the mode concerned. 

Port A of the 6805 p.i.a. is also used for 


sensing the channel-switch condition. 
When memory mode is entered the chan¬ 
nel-enable line at pin 35 of the 6805 goes 
high and the channel switch is represented 
on the A port through diodes. Interaction 
between channels is prevented by these 
diodes. 

In this situation, port A is bidirectional 
and each device driven by the processor 
through it is selected independendy by 
control lines from port B. For example, 
when frequency is to be displayed, display 
latches are enabled by taking the enable- 
display line low. The five I.e.d. drivers are 
selected sequentially by lines PA4.6 and 
presented with four-bit words representing 
their digit value on lines PA04. Likewise 
for transmitting data to the synthesizer the 
4034 shift registers are enabled and the 
appropriate data loaded then clocked out 
sequentially. 

Appropriate control bits for the synthe¬ 
sizer are set on ICgoo.soi as shown in the 
diagram. As mentioned in the description 
of the synthesizer control logic in module 5 
(see January 1983 issue), only the nine 
least significant bits are required to change 
to cover 135 to 137MHz, so the other six 
bits of frequency-data word are hard wired 
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Module 8 block diagram showing the microprocessor and its interfaces. The 6805 has multiplexed address/data buses and 
two 8-bit peripheral-interface adapter ports. Port A is used as a bidirectional bus while port B is used to select individual 
peripheral input/output elements. NiCd batteries hold the processor's ram contents when the transceiver is switched off. 


to the appropriate level. A problem arises 
in that nine bits are required to cover the 
range and the processor only has eight bits. 

This problem is overcome by using a 
foiu’-bit full adder, ICgotj to add the offset 
needed by the three most significant bits 
on the microprocessor A-port to produce 
13SMHz. These three m.s.bs are normally 
weighted 32, 64 and 128 and for 135MHz 
their bit pattern is 101. But this pattern 
after being subjected to the adder appears 
as 5, enabling the processor to start at zero 
and count up to 255 in lOkHz steps. When 
the processor counts to 32 and above, its 
output is summed by ^^2 and sent to a 
shift register, ICsoi- Software converts bi¬ 
nary data resulting from the hard-wired 
offset to b.c.d. for driving the displays. 

Data feed into ICgoo,80i is controlled by 
the processor through clock and serial/pa- 
rallel inputs of these i.es. The data-length 
line to the synthesizer, also controlled by 
the processor, only goes high when data 
for the synthesizer is valid. Besides driving 
the synthesizer in lOkHz steps, the proces¬ 
sor dso has to pull the synthesizer refer¬ 
ence by up to 9.9kHz to give continuous 
coverage and it does this through eight-bit 
latch, ICgo4, which accepts its data word 
on receipt of a signal called vxo from pin 
32 of the processor, ICgc®. Data for 
controlling the reference are in the form of 
two b.c.d. words which give a maximum 
count of 99, representing 9.9kHz. 

Nine resistors on the output of IC804 
(Rsio-sis) form a digital-to-analogue 



Ckimponents 


Resistor* 


Transistors 


800,819,825- 


800,801 

BC107 

-828,935-940 

Ik 

807 

BCY71 

801 

10k 

803,»}6 

2N3819 

802,803 

56k 

804,805 

BC109 

804 

22 

807 

2N3707 

SOS 

390k 


- 

807,829,830 

200ks.o.t, 

100k 

Diodes 


808,833 

not used 

800-815,818 


809 

33 k 

820-824 

1N914 

810 

470k, 1% 

816,817 

1N4001 

811,815 

100k, 1% 

819 

5.6Vzener,400mW 

812,816 

200k, 1% 

900-906 

GL9R03 

813,817 

400k, 1% 



814,818 

800k, 1% 



820 

15k 

Integrated circuits 

821 

2.2k 

800,801 

4034 

822 

1.5k 

802 

4008 

823,824 

100 

803 

74LS244 

831 

22k 

804 

74LS374 

832 

10M 

805 

TL081 

834 

22ksub-nnin preset 

806 

74LS10 

835-842 

3.9k 

807 

2716 (eprom) 

900-934 

390 

808 

4508 

all 1/4W, unspecified resistors are 10% 

809 

MC146805E2 

Capacitors 


810 

78L15 


811,812 

78L05 

800 

lOn disc 

900 

4028 

801 

470fi electrolytic, 16V 

901-905 

4056 

802,804,805 

47n electrolytic, 35V 

906 

7805 

803 

47n disc 



806,807 

lOOn disc 

Crystals 


808,809 

22p disc 


900,901 

2.2|i tantalum, 16V 

«}0 

4jVlHzHC18U 
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100Hz 

=nr“ 

1kHz 

10kHz 

“T^ 

100kHz 

4 4 

1MHz 

4 J 

10MHz 

“TT” 

8 

8 

8 

8 

8 

8 



As shown tor 100Hz— 


^902 


IC903 


ICgoi 


itm 

40S6 


km 


km 


km 


Note;- Pin 7 and 8 ot each A056 at 
connected to ground 
Pin 16 oteachA0S6is 
connected to +5V 



Module 9, providing frequency 
indication, consists of seven-segment 
displays, latches and an address- 
decoder, ICgoo, for digit selection. The 
two most significant digits don't 
change and are hard wired, but they 
may be omitted to reduce costs. 
Decimai point, on pin 9 of lOOkHz 
dispiay, may be wired to ground 
through IkO. 


converter and the d.c. level at Csoe is buf¬ 
fered and modified by Trgoa and ICgos res¬ 
pectively. A starting frequency of 
13S.0000MHZ is set using Rg34 and the 
synthesizer-reference pulling range is set 
by R806> which is nominally 200 kilohm. 
To ensure a stable supply voltage, ICgtM 
has its own SV supply. Transistors 800-802 
and ICgio form a d.c.-to-d.c. converter 
supplying a stabilized 15V rail for ICgos; 
this rail is also used to power ICsos of 
modules. 

Five status signals are switched onto the 
A port through ICgoj by the enable line 
from pin 33 of ICgog. These active-high 
status signals are 

- up button pressed 

- down button pressed 

- squelch open 

- receive/transmit 

- power on. 

The first four indications act straightfor¬ 
wardly on the microprocessor but the fifth, 
power on, it a little more involved. When 
the transeiver is turned off, Trgo? conducts 
momentarily using charge stored in the 
set’s capacitors and pulls pin 2 of ICgos 
low, forcing the processor to revert to its 
low-power standby mode. Resistor 820 is 
wired to the off contact of the mode 
switch, the common of which normally 
distributes a 12V supply to the appropriate 
modules. 

In standby mode, the processor ram 
contents are held intact by an NiCd battery 
through Dgig. A 2N3819 fet, Trgog, forms 
a constant<urrent charger for the back up 
battery while Trgos and Dgjg regulate the 
voltage. Under normal conditions, ICgov is 
powered from ICgn through Dg2o,8ig to 
allow charging of the battery. Diode 820 


isolates the battery supply from logic 
power lines when the transceiver is turned 
off. When the transeiver is switched on, 
Trgo4 is momentarily turned on through 
Cgo7, causing the microprocessor to reset. 

As the processor’s data and address 
buses are multiplexed, a latch, ICgog, is 
required to separate the two. This latch is 
controlled by the address strobe line, pin 6 
of ICgo9. Demultiplexed addresses are then 
fed to ICgo7, a 2716 eprom; this memory is 
enabled when its chip-select input is low, 
and this only occurs when address lines 
All and A12 combined with the data 
strobe line in NAND gate ICgoe go high. 
Prospective builders of this transceiver 
should not be deterred by the need for 
eprom-based software as these devices are 
available ready programmed from me. 

Channel switch, skip, memory-write, 
memory, scan, lOOHz-step, repeater and 
reverse repeater controls are all connected 
to the p.i.a. A port through 1N914 diodes 
forming OR gates. Sixteen diodes are used 


Microprocessor control makes driving of 
the frequency display relatively easy. 
Seven-segment l.e.ds were used for the 
display in preference to l.e.ds because they 
were cheaper, but by now the situation 
may have changed. Display latching is 
used to ensure that the maximum bright¬ 
ness is obtained for viewing in sunlight; 
many transceivers using strobed displays 
suffer from lack of brightness. 

Display-drive data are taken from the 
processor p.i.a. A port, the digit being 
represented by PA0.3 and the digit address 
represented on lines PA4.6- Digit-address 


in all, including a spare one for fiitiu-e 
expansion. Eight 3.9kn pull-down resis¬ 
tors, R835.842) are connected to A-port lines 
PA0.7. IC812 should be mounted on the 
metal enclosure to keep it cool. 

The only adjustments needed on this 
board are to Rsoe and R834. Initially, R8O6 
should be set at around ioOkfl with the 
transceiver set to 144MHz and R834 ad¬ 
justed so that the synthesizer produces 
exactly 135MHz. Now the frequency is 
changed to 144.0099MHz, i.e. 9.9kHz 
higher, and R8O6 adjusted so that the 
synthesizer frequency increases by 
9.9kHz. This process should be repeated. 

This module is mounted directly to the 
chassis of the transceiver without screen¬ 
ing. R.f. radiation is emitted by devices in 
this circuit but screening and filtering on 
the other modules is sufficient to prevent 
interference. On the current transceiver, 
the interrupt-request input (IRQ) is not 
used but I plan to incorporate an infra-red 
remote control unit using this line. 


decoding is performed by IC900 which en¬ 
ables the appropriate latch. The display 
latches can only be enabled if the D input 
of IC900 is taken low by the processor. 
Resistors 900-934 limit the display current 
for the active digits and R934.940 hold the 
two most significant digits permanently at 
14. Here, the five-volt regulator, IC906 is 
mounted to the chassis to keep it cool. 

Programmed eproms at £8 and software 
listing at £1.50 including UK postage and 
vat are available from T. Forrester, 125 
Seven Way, Bletchley, Bucks. 


Frequency display - module 9 
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Waves in space 

In an open circuit, only an electric field is detectable. Is this because there is no magnetic 

field present? 


Prior to Maxwell, a great deal of theory 
had been developed around electric and 
magnetic fields. This theory included 
Kirchhoffs Laws, the Biot-Savart Law 
and Ampere’s Rule. Electrical circuits 
were generally steady state, or at worst 
slowly varying, and the problem of 
whether electrical and magnetic effects tra¬ 
versed distance instantaneously or took 
time to propagate did not arise. 

Because fields were steady or slowly 
varying, experiments were generally 
limi ted to the Study of closed circuits of 
conductors (and resistors). However, capa¬ 
citors (clectrolytics) were also used, and 
these created an anomaly in a theoretical 
structure which included Ampere’s circui¬ 
tal law (^Hdl=i) and Kirchhoffs second 
law (21=0). When the switches were 
closed, electric current flowed in the loop 
and (following Ampere’s circuital law, also 
called Ampfere’s Rule,) magnetic flux ap¬ 
peared in the space around the wires. 

Ampere’s Rule says that if we describe a 
closed loop, the line integral of the magne¬ 
tic field strength along the edge of the loop 
is related to the electric current through 
any surface bounded by the loop. 

The capacitor created an anomaly, be¬ 
cause a closed loop could be described 
where i had more than one value, de¬ 
pending on whether the surface (Si) cut 
the conductor or S2 passed between the 
plates of the capacitor. Consequently the 
absurd situation arose that ^Hdl had to 
have two values at the same time. 

Maxwell ‘cut the Gordian Knot’ by as¬ 
serting that the rate of change of electric 
field between the capacitor plates behaved 
just like a real current i. So Ampere’s rule 
became 

It is important to remember that the 
premise which preceded the problem of the 
capacitor was that electric currents and 
fields were steady or slowly varying. It was 
accepted that, at the moment the switches 
closed, the current i appeared at all points 
in the circuit. The time for the effect of the 
switch closure to travel across the distance 
from switches to capacitor was zero. 

The current-like field dD/dt between 
the capacitor plates led Maxwell to conjec¬ 
ture that there could be electromagnetic 
‘waves in space’. It was already known that 
a changing magnetic field produced 
electric current (Faraday’s Law v=d(j)/dt) 
and that electric current produced a 
magnetic field (Biot-Savart Law 
H= i dl sin e/4n;r^.) The changing 
electric field dD/dt seemed to be an 
electric current in space. With both chang¬ 
ing magnetic fields and changing electric 
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currents in space, we seemed to have the 
possibility of wire-less propagation of 
electromagnetic signals using a crabwise 
progression of cause and effect; electric 
current magnetic field -» electric cur- 

The error in this whole business oc¬ 
curred right at the start. Let us assume 
that the conductors linking battery to ca¬ 
pacitor are one light year long. When the 
switches are closed, it is obvious that cur¬ 
rent will not immediately flow in the capa¬ 
citor. A wave front must travel from 
switches to capacitor, and behind that 
front will be electric field and magnetic 
field - we have a transmission line. Also, 
should the distance between the two 
conductors or their shape change, some of 
the wave front will continue to the right 
and some will reflect to the left, carrying 
back the message about the change. 

The front end of the capacitor is merely 
one such change in the cross section of the 
transmission line. The far (open circuit) 
end of the capacitor is another such 
change. 




Fig 1. The elemental closed loop (a), in 
which the capacitor creates the difficulty 
that the current must have two values, 
depending on whether the surface fb) cuts 
the conductor or bisects the capacitor. 


The problem Maxwell should have been 
concerned about was how the electromag¬ 
netic field developed between the wires 
when the switches were closed, not what 
happened in a capacitor. The transmission 
line problem (AB) precedes the capacitor 
problem (CD), and the capacitor problem 
would be solved automatically with the 
solution of the transmission line problem. 



Fig 2. A changing separation between 
conductors reflects energy. The capacitor 
is simply another change. 


Before the switches are closed, we can 
measure a voltage and electric field but 
find no trace of a magnetic field. When the 
switches are closed, an electric current 
starts off down the wires and a magnetic 
field begins to appear between the wires. 
The conclusion that the voltage (or 
pressure) causes the electric current which 
in turn causes ±e magnetic field is compel¬ 
ling, and it is not surprising that this mis¬ 
taken view has lasted for a century. It is 
then a short step to say that the changing 
magnetic field in its turn (by Faraday’s 
Law) generates an electric field and thence 
a (displacement) current, and the sequence 
can start again. 

But was there really no magnetic field 
before the switches were closed? 

Let us consider a steady charged capaci¬ 
tor. Does it have no magnetic field, only an 
electric field? In order to understand the 
situation in the battery and wires up to the 
switches before they are closed, it is useful 
to study the reed-relay pulse generator. 

The reed relay p^se generator was a 
means of generating a fast pulse using 
rather primitive methods. A one metre 
section of 50 ohm coax. AB was charged 
up to a steady 10 volts (say) via a one 
megohm resistor, and then suddenly 
discharged into a long piece of coax. BC by 
the closure of two switches. 

A five volt pulse two metres wide was 
found to travel off to the right at the speed 
of li gh t for the dielectric on closure of the 
switches, leaving the section AB com¬ 
pletely discharged. 

(The practical device lacked the second, 
lower switch at B, which is added in the 
diagram below to simplify the argument.) 

The curious point is that the widA of 
the pulse travelling off down BC is twice as 
much as the time delay for a signal be¬ 
tween A and B. Also, the voltage is half of 

continued on page 66 
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limitation of 
indeterminacy 

Knowing the difference between physics and metaphysics, likewise between "matter- 
waves" and probability theory, one can begin to understand where modern physics went 
wrong. Two well-known Copenhagen doctrines can then be taken apart: in consequence 
the law of causation can be restored to its rightful, paramount place in natural philosophy. 



I have drawn attention to the two principal 
confusions of thought which were allowed, 
or perhaps even encouraged, to enter phy¬ 
sical science during the decade 1925 to 
1935 and which have caused untold philo¬ 
sophical chaos ever since. These were: the 
indiscriminate juxtaposition or equation of 
physical entities, such as electrons and 
mechanical momentiun, together with me¬ 
taphysical entities such as probability and 
knowledge; and the failure to reject the 
wave theory of matter when it had been 
disproved (on both experimental and logi¬ 
cal grounds), and to distinguish between 
its concepts and those of the legitimate 
statistical quantiun mechanics. Even the 
popular name for the last-mentioned, 
“wave-mechanics”, which derives from its 
conceptual origin under Schrodinger but is 
no longer relavant, contributes to the per¬ 
petuation of the muddle; a first-rate 
example of confusion is to be found in the 
frequendy-used expression “probability 
waves”. 

Lest it should be thought that these 
confusions have been innocuous in their 
effects I will instance a famous statement 
by a member of the Copenhagen School 
v^ch provides a vignette of both of them. 
The date of presentadon was 1933, the 
place Chicago, the reporter Alfred Land6, 
and the speaker on this occasion Werner 
Heisenberg. He was referring to the pardal 
reflecdon of light by a half-silvered mirror, 
in a thought-experiment that we have al¬ 
ready considered in the contexts of quand- 
sadon and determinacy. His words were as 
follows: 

“There is, then, a definite probability of. 
finding the photon either in the one or the other 
part of the divided iji-wave packet. Now, if an 
experiment finds the photon in the reflected 
part, say, then the probability of finding it in 
the other part immediately b^mes zero. The 


experiment at the posidon of the reflected part 
thus exerts a kind of acdon, a ‘reducdon of the 
wave packet’, at the distant point occupied by 
the transmitted part. And one sees that this 
acdon is propagated with a velocity greater than 
thatofli^t”. 

Feeling the draught, perhaps, he ±en 
went on to say, 

“. . . This ‘acdon’ can never be used for the 
transmission of signals”. 


by W. A. Scott Murray, 

B.Sc., Ph.D. 


By all accounts Heisenberg made this 
statement with a completely straight face 
and believed in what he was saying. It is 
manifesdy nonsense, but for that very 
reason it may be difficult to make a 
rational reply to it. The argument that 
light waves are electromagnetic waves 
which carry energy and therefore cannot 
collapse faster than the velocity of tight is 
not quite sufficient because Heisenberg 
has dodged it by referring to ‘‘^-waves’’. 
He is, however, proposing that something 
associated with the, photon must collapse 
in this way; as Professor Frisch said in a 
passage that I quoted earlier, 

“. . . It would seem that something does tra¬ 
vel along both paths in the interferometer even 
when only one photon is admined; but what is 
it?” 

Clearly we are right at the centre of the 
duality paradox. 

The understanding that we have been 
able to build up of the duatistic machina¬ 
tions of Copenhagen will now stand us in 
very good stead for dealing with Professor 
Heisenberg’s curious proposal. The ij)- 


waves that he is playing with are not real 
waves but metaphysical waves. They do 
not have to comply with the laws of phy¬ 
sics. Like Castles in Spain, he can give 
them any properties he wishes. If those 
properties should make his equally meta¬ 
physical tp-function provide a reasonably 
acciurate statistical analogue of how real 
photons behave, that is all to the good, but 
his op-waves need not otherwise relate to 
the physical world and indeed for reasons 
that we have discussed it is clear that they 
must remain always “unobservable”. They 
are subjective, mathematical abstractions. 
The photon, on the other hand, is a physi¬ 
cal entity which is indivisible and which 
travels strictly at the speed of tight. It goes 
one way or the other at the mirror surface, 
but not both; there is no question of a 
transmitted pan of the photon collapsing 
when a reflected pan is detected. The pho¬ 
ton’s existence is objectively real. So where 
is the paradox? 

The rationale for Heisenberg’s state¬ 
ment is that the intensity of his tp-waves 
represents the precision of his knowledge of 
the past, present, and future location of 
this particular photon. (You will note that 
both “precision” and “knowledge” are 
metaphysical quantities, appropriately 
described by tp-waves). When his 
knowledge becomes sure - 100% certain 
because he has detected the photon — the 
probability that it may be elsewhere in¬ 
stantly becomes zero, as he says. This has 
nothing to do with the photon, but only 
with his knowledge; it would be quite 
wrong to assume, as the Copenhagen 
School assumed and declared as doctrine 
on the basis of extensions of this argument 
and others, that the observer’s knowledge 
or even the observer himself had any 
influence on the physical, mechanical 
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process of detecting the photon. Indeed, 
neither the photon nor the rest of the appa¬ 
ratus cares two pence whether an observer 
is present or not. We now see that the 
metaphysical doctrine of the relevance of 
the observer was just another Copenhagen 
fallacy. 

Before leaving this topic let me mention 
a point which was first picked up by Sir 
KmI Popper, who has tended to specialise 
in this sort of thing. Even his tj^-wave 
packet does not in fact collapse as Heisen¬ 
berg says it does. The distribution of ip- 
wave intensity as a probabihty density - 
the probability of finding a photon here or 
there — does not change when any one 
photon is detected. It is to be identified as 
a prediction, the probability of detecting 
“any” photon as estimated before the 
event; for after the event the probabihty of 
a contrary result is a meaningless concept. 
And however many times you may have 
tossed a coin, the probabihty of obtaining 
heads or tails on the next toss remains 
always the same, 50/50 . . . 

Thus Heisentog’s celebrated puzzle of 
the “reduction of a wave-packet” turns out 
not to have been a puzzle after ah. It was a 
man-made nonsense consisting of one false 
concept and two logical errors held to¬ 
gether by two major confusions concern¬ 
ing, respectively, the mixing of matter- 
waves with probabihty theory and the 
mixing of metaphysics with physics. It was 
also unnecessary. We can see how it came 
about, but as physicists we have no cause 
to be proud of it. 

★ ★ ★ 

I am going to conclude my exposition by 
analysing one more example of twentieth- 
century mysticism in the same way. The 
great Principle of Indeterminacy was 
enunciated by Heisenberg in 1927, and its 
profound philosophical message has domi¬ 
nated human thinking ever since. Like so 
many concepts of modern physics it is 
partly true. My purpose now is to examine 
the limi ts of its apphcabihty and truth. 

In its legitimate form the Principle of 
Indeterminacy (or Uncertainty) has to do 
with making measurements. For a host of 
reasons, ah of which in the end boil down 
to the desire to make predictions in order 
to better manage our surroundings, we are 
interested in the positions and motions of 
things. We measure the position and mo¬ 
tion of an oncoming motor-car by eye 
when we are deciding whether or not to 
cross the road; for more precise mea¬ 
surements we make use of various instru¬ 
ments such as rulers, gauges and grat¬ 
icules. In the ultimate of fineness of 
measurement our measuring instrument 
may consist of one photon or one electron 
which we aim carefuUy toward the target 
object whose location we wish to know; the 
electron or photon wiU be reflected (or 
bounce) on contact, and its reflection wih 
teU us where the object was. Microphysical 
Nature being granular or “quantized”, 
this represents the most delicate mea¬ 
surement that we can ever hope to make. 

It was Heisenberg who pointed out, cor- 
rectiy, that this process doesn’t provide a 
measurement of where the object is, but of 
where it was at the instant of making the 


measurement. The measuring process it¬ 
self must dismrb the object being mea¬ 
sured, to an extent that depends on how 
massive the object is. Projecting one pho¬ 
ton of visible light at an elephant, for 
example, wouldn’t shift the elephant very 
far, but if that same photon were to hit an 
isolated electron it would set it in motion at 
a speed of several hundred miles per 
second. (This is the Compton effect 
discussed earlier). If you were to use a less 
massive photon — that is to say, conven¬ 
tionally, a quantum of light of lower “fre¬ 
quency” or longer “wavelength” - you 
wouldn’t disturb the target electron so 
much but you wouldn’t get such a pre¬ 
cisely-defined reflection from it either. 
You can’t have it both ways. 

Heisenberg condensed these ideas into 
what was to become one of the most 
famous Principles of physics. (For those 
who don’t mind equations, I am referring 
now to Ap . A X == h). Stated in words, it 
says that there is a natural limit to the 
accuracy (A) with which physical quanti¬ 
ties can be measured. The position and 
momentum of any particle as measured are 
in a sense complementary. We can in prin¬ 
ciple devise an experiment to measure 
either position (x) or momentiun (p) as 
accurately as we wish, but if we try to 
measure both simultaneously we come up 
against this natural limit. We cannot mea- 
sme, and therefore cannot know, both the 
location and the subsequent velocity of an 
individual electron with greater accuracy 
than is indicated by Heisenberg’s formula. 
No evidence has yet been found to suggest 
that his formula when interpreted in this 
way is not always and exactiy true. 

Now it must follow as the night the day 
that if we cannot measure the position and 
velocity of an electron precisely at the 
beginning of an experiment or during it, 
then we cannot predict with precision 
where that electron will be at the end of the 
experiment. The Principle of the indeter¬ 
minacy of measurement must therefore 
lead directly to a corollary Principle of the 
limitation of prediction. This realisation 
came as an unwelcome shock to the phy¬ 
sics of the 1930s and also, when news of it 
leaked out, to philosophy in general; for 
physical science had come to extol its abil¬ 
ity to make precise predictions above all 
other virtues, while human vanity was un¬ 
willing to accept that there was anything 
that human technology ultimately could 
not do. Faced with this crisis of confidence 
it was perhaps inevitable that certain 
spirits should cast about in the hope of 
finding an escape clause. 

We shall examine the defensive antics 
and flights of fancy of those folk in the 
next article, but before doing so it will be 
well to establish how far the experimentally- 
verified aspects of the indeterminacy 
principle can carry us. Suppose that a fun¬ 
damental particle (an electron, say) is initi- 
aUy at point A at time zero and travelling at 
velocity v. According to our best possible 
measurements we know only that it is 
within, say, one micrometre of A at that 
instant and travelling subsequently at a 
velocity within, say, 100 metres per second 
of V. From this knowledge we can predict 
that the electron will in due course pass 


within one centimetre of a second point, B. 
The quantum mechanics as a mathematical 
tool wiU perform that prediction for us 
beautifully — there is nothing mystical 
about it or its calculations, which rely on 
the conservation laws. But we should note 
that it is not the position of the electron 
which is uncertain; it is we who are uncer¬ 
tain about its position. The electron itself 
travels from point A (exactly) to point B 
(exactly) along a track AB which is pre¬ 
cisely determined. It is our knowledge of 
that track, not the track itself, that is im¬ 
precise; and it is the imprecision of our 
knowledge, not the physical body itself, 
that is transferred from the vicinity of 
point A to the vicinity of point B by the 
so-called “operators” — metaphysical 
operators - of the statistical quantum 
mechanics. 

Now what I have just said constitutes a 
new interpretation of the function of the 
quantum mechanics or “wave mechanics”, 
and it is controversial. It is also very dan¬ 
gerously heretical, because anyone who 
accepts it must eventually refute the 
Copenhagen dogma. I should therefore 
amplify it a little. Even Heisenberg, under 
pressure, admitted that his indeterminacy 
principle did not apply to retrospective 
measurements. By observing the same 
electron on two occasions very far apart in 
time and space, we can determine where 
that electron was at the time of the first 
measurement and how fast it was then 
moving, and we can in principle determine 
both those quantities after the event to any 
accuracy we please. I believe that to be the 
most important single point I have to make 
in all these discourses; for Heisenberg, 
hedging hard, claimed vehemently that 
such retrospective determinations, al¬ 
though valid, were irrelevant to science 


Catastrophic misconceptions 

A fine example of the effect on physics 
of man-made confusions is afforded by 
Heisenberg's famous proposal of the 
"reduction of a wave-packet". On the 
basis of physical arguments already 
generated it is possible to refute this 
proposal on three counts and to resolve 
it as a paradox. Similar treatment may 
be extended to the great Principle of 
Indeterminacy. It is readily argued that 
as applied to current measurements 
and forward predictions the Principle is 
almost certainly true. However, it is not 
true in the case of retrospective deter¬ 
minations, and it follows that, contrary 
to the generally-accepted Copenhagen 
doctrine, the behaviour of every, 
microphysical entity is determinate and 
complies with the conservation laws. 
This is equivalent to the statement that 
the law of causality Is obeyed uni¬ 
versally in inanimate Nature, not only 
statistically but by individual micro-ob¬ 
jects. Such a view is philosophically 
consistent with the laws of conserva¬ 
tion. It is likely that the opposing (Co¬ 
penhagen) doctrine, now widely held, 
arose from the 1930s confusion of inani¬ 
mate physics, always determinate, with 
animate metaphysics, not necessarily 
determinate or rational. 
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(which he declared should be concerned 
only with prediction), whereas you and I 
will discern instead that they are highly 
relevant. We wiU recognise that our ability 
to calculate precisely the earlier position 
and momentum of an electron on the basis 
of later knowledge constitutes philoso¬ 
phical proof that the electron’s behaviour 
during ±e interval was determinate. Dur¬ 
ing that particular but arbitrary interval it 
must have obeyed the law of causality: and 
if then, always. The reason why this new 
argument is especially important, although 
one might have thought it obvious, is that 
the most celebrated doctrine of Copenha¬ 
gen physics categorically asserts the oppo¬ 
site - that microphysical particles do not 
obey the causality law as individuals, but 
only “on average”, in a statistical manner. 

Thus the vital limitation or restriction 
which I now suggest must attach to the 
great Principle of Indeterminacy is that it 
may deal legitimately with the indetermi¬ 
nacy of measurement and prediction but 
may not, repeat not, express or imply any 
mystical indeterminacy of Nature. Despite 
general belief and conventional doctrine 
there is not, and never has been, any expe¬ 
rimental evidence in support of the estab¬ 
lished idea that its operations are not 
bearings” and that its operations are not 
precisely determined. How that gross error 
came to be made will be reviewed in the 
next article, together with some examples 
of its catastrophic effects; in the meantime 


I shall ask the printer to set this statement 
out by itself, so that there can be no mis¬ 
take about what I am saying: - 

The law of causality is obtyed 
throughout inanimate nature 
I cannot prove that statement. No scien¬ 
tific law can be proved, but its strength lies 
in the fact that no record exists of its ever 
having been broken. Specious Copenhagen 
“quantum” arguments notwithstanding, I 
can only re-assen that there is no experi¬ 
mental evidence against causality. Evi¬ 
dence in its favour surrounds us at every 
turn, because the law is itself a paraphrase 
of the great conservation laws of energy 
and momentiun whose universal applicabi¬ 
lity is generally accepted. Therefore one 
cannot in logic acknowlege conservation 
while at the same time denying causality; 
that is what was so very odd about the 
1930s doctrine that nature is indetermi¬ 
nate. 

Almost certainly the confusion arose out 
of the failure to distinguish between phy¬ 
sics and metaphysics, the science of the 
mind. There is plenty of evidence that 
decisions (made by living creatures)* are 
not always necess^y rational. That fact 
alone is sufficient to prevent a “Laplacian 
being” - or anyone else - from making 
an ultimately precise prediction of the 
future of the universe. Free will does, indi¬ 
rectly, modify the coiurse of events, as 
human beings are fully aware; determi¬ 
nism applies only to inanimate, physical 


interactions. There is room in God’s world 
for both vitalists and mechanists! But here 
for our sins we must stick with inanimate 
nature. 

I said earlier, in connection with the 
reflection of photons by the half-silvered 
mirror, that the word determinate is not 
synonymous with “predictable by man¬ 
kind”, and went on to say that the arrogant 
assumption that it was had led to much 
philosophical trouble in physics. It has also 
been exported, and caused much trouble 
elsewhere. It was the basis of the twen- 
deth-century denial of causality, in udiich 
the whole of philosophy followed the phy¬ 
sicists’ misguided lead. 

If I were to give you three guesses as to 
where that assumpdon came from I’m sure 
you would be right first time - and not by 
guessing. It came from the already- 
disproved but sdll imrejected wave theory 
of matter. Let us next explore how. ^555^ 

* Automatic electronic computers do not make 
decisions. They are inanimate machines, physi¬ 
cal structures driven by energy, which ob^ a 
set of instructions or program in a strictly cau¬ 
sal, pre-determined way. A program, however, 
is a metaphysical structure - an expression of a 
human programmer’s will. It is not a tape or a 
disc, but the informadon which is stored on tape 
or disc (it is equally valid in typescript or in the 
form of a flow diagram). It consumes no energy 
itself, and it can influence physical events only 
when it is able to control the operadon of a 
physical computer as intermediary. The analogy 
with mind and brain is self-evident. 



PCB assembly can be made easier using a 
Royonic semi-automadc assembly table, 
according to a brochure describing the 
system. Components are presented to the 
assembler in order from a dispenser and 
their position is indicated by a light spot 
projected on to the p.c.b. which can draw 
an outline round the position of an inte¬ 
grated circuit or flash to indicate that 
polarity needs to be checked for a diode or 
an electrolytic capacitor. The machine may 
be programmed by using a joystick or a 
touch-sensitive pad and the program 
stored on a floppy disc. Fast assembly of 
boards with fewer faults is claimed for the 
system. The brochure is available from W. 
J. Stickland (Electronics) Ltd, 60 Tower 
Hill, Chippertield, Kings Langley, Herts 
WD49LH. WW400 

Recent additions to the Online Confer¬ 
ences 1983 catalogue of conference 
proceedings. Viewdata 82, Videotex, 
Local Area Networks and distributed 
office systems and the Computer Graphics 
1982 conferences. Online act as distribu¬ 
tors for other publishers including QED 
Information Sciences and list their publi¬ 
cations on data processing and information 


management. O nlin e Publications Ltd, 
Argyle House, Northwood Hills, 
Middlesex HA6 ITS. WW401 

Tools, cases, breadboards, circuit boards 
and p.c.b. etching patterns are included in 
the Hobby Herald, a catalogue for the 
“hobby engineer’’, presented in a 
newspaper format by BICC-Vero Electron¬ 
ics, Parr, St Helens, Merseyside. WW 402 

Specifications, standards and technic^ 
documents from the world over are avail¬ 
able through a service described in a bro- 
chme from London Information (Rowse 
Muir) Ltd, Index House, Ascot, Berks 
SL5 7EU. W403 

Line conditioners to protect computers 
and other digital systems against noise and 
voltage variations on a.c. power lines are 
featmed in a leaflet. It includes a selection 
guide to range of units in the GT series, 
with detailed information on the electrical- 
parameters which affect the choice of unit. 
Gould Electronic power conversion Divi¬ 
sion, Rhosymedre, Wrexham, Clwvd, 
LL144YR. WW404 

Two volumes and over 1,500 pages des¬ 
cribe data aquisition products of Analog 
Devices. The Data Acquisition Databook 
includes 500 standard products and in¬ 
cludes both data sheets and tutorial sec¬ 
tions, Products include converters, op 
amps, conditioners, computing circuits, 
power supplies, panel instruments. 


systems and subsystems for measurement 
and control, and component test systems. 
Key specifications and applications are 
given for all the products and a price list is 
included. Analog Devices Ltd, Central 
Avenue, East Molesey, Surrey K T8 OS N. 

WW405 


A glossary of filter terminology and design 
examples with infomiation on the use of 
filters in diplexers and multiplexers are 
included in the Lark Engineering cata¬ 
logue. Product information includes per¬ 
formance characteristics of bandpass, band 
reject, tuneable, high and lowpass filters 
and switchable filter banks. The company 
uses c.a.d. to produce filters to specked 
requirements in the frequency range from 
12Hz to 18GHz. March Microwave Ltd, 
112 South Street, Braintree, Essex. 

WW406 


Measmement of the suppression charac¬ 
teristics of passive radio interference filters 
and suppression components is subject to a 
new Standard, BS6299. The standard 
specifies methods for measuring insertion 
loss of passive r.f. filters which may consist 
of single elements, singly or in combina¬ 
tion and either lumped or distributed 
types. Methods include those for 
laboratory testing or on a production line 
tests using fixed impedance terminations. 
The standard costs £19.50 from BSI sales 
department, 101 Pentonville Road, Lon¬ 
don N19ND. WW407 
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Ultra high density 
data recording 

Since the disc-drive series was written a great deal of significance has happened in the 
field - the next few years will see progress that will make lO^bit per square inch seem 
pedestrian. 


The first disc drives appeared around 
1956, when computers were exotic vacuum 
mbe monsters, and these early drives 
offered densities of about 2000 bit/in^. 
Currratly available machines offer aroimd 
10^ bit/in^ - a staggering increase in such 
a short time, but the next few years will see 
progress that will make these figures seem 
very pedestrian. Current research is 
concentrated in three areas, the medium, 
thin-film heads and vertical recording. 

The great majority of today’s discs are 
coated with the gamma form of ferric 
oxide, the familiar brown material. If 
tracks are to be made narrower to pack 
more of them on to a surface, there will be 
a pro-rata reduction in signal output, and 


by J. R. Watkinson, M.Sc. 


it is necessary to adopt a medium which 
has greater magnetization to maintain s/n 
ratio at a level which gives acceptable data 
error rates. Cobalt has been found to have 
this desirable property. Given the greater 
magnetization of cobalt, the coating can be 
made thinner as well as the tracks 
narrower. With conventional longitudinal 
recording, the smaller the cross-section of 
the recorded magnets (track width x 
coating thickness) the shorter they can be 


John Watkinson is now with Sony Bioadcitt Led 


before self-demagnetization makes them 
unreadable. 

Although thin cobalt coatings are more 
sensitive to substrate irregularities, this 
has not been the main reason for the 
slowness of the industry to adopt the 
medium. The main cause is that the 
process required to make cobalt<oated 
discs is totally different from that required 
for conventional oxide coating. Oxide is 
applied in the form of a slurry, which then 
dries out; cobalt cannot be applied by this 
old technique and requires either ion 
bombardment or spluttering. As the 
industry cannot tolerate instantaneous 
obsolescence of current media plant, the 
move to the metal-coated discs will be 
gradual. 

G)nventional heads are made of ferrite 
with a glass gap. The performance limits 
set by this form of construction have now 
been reached; losses in ferrite mean that it 
cannot follow more than about 10^ 
transitions per second. Width of the 
recorded track is determined by the 
thickness of the magnetic circuit in the 
head and the brittle nature of ferrite sets a 
limit of about 1000 tracks per inch, beyond 
which the head would lack durability. 

A solution to the problem is the thin- 
film head. Unlike a conventional head, 
which is assembled from a variety of 
components, the new thin-film head is 
fabricated by plating in the same way ^ 
thin - film microcircuits. The magnetic 
circuit is a nickel-iron alloy, permalloy, 
plated onto a silicon substrate along with a 
single-plane copper coil in the form of a 
spiral. The permalloy can be plated to 
write a track of any desirable width, 
because it is evenly supported by the 
silicon substrate which then subsequently 
becomes the aerodynamic head slider, as 
shown in Fig. 1. 

This arrangement has a number of 
advantages. Firstly, permalloy has a 
frequency response an order of magnitude 
better than ferrite. Secondly, the thin-film 
construction and the chuacteristics of 
permalloy cause a very sharp fall in flux 
density away from Ae gap along the 
longitudinal axis. The final magnetization 
of the medium is determined by the 
trailing edge of the head field. This effect 
restricts ferrite heads to about 10,000 
transitions per inch, whereas the thin film 
head can give a 50% improvement on 
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Fig. 2.Comparison of fields of ferrite deft) and thin-film heads (right). Curves show 
longitudinal field strength at typical working distance from poles. Sharper curve of thin-film 
head allows shorter wavelength recording. 
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oxide media, and may give as much as 
25,000 transitions per inch wi± metal 
media. Fig. 2. 

Very short magnetic domains tend to 
demagnetize themselves. The effect is 
governed by the ratio of the length to the 
width; the longer and thinner a magnet, 
the less likely it is for the opposing poles to 
neutralize each other. As Fig. 3 shows, it is 
an unfortunate fact of life in longitudinal 
recording that the higher the density, the 
shorter the domains. 

Now vertical recording organises the 
domains at right angles to the substrate 
such that the higher the density, the 
narrower the domains. Domain length is 
now controlled by the coating thickness. 
Claims have been made that 10^ bits per 
inch will soon be available in production 
equipment, with ultimate density perhaps 
an order of magnitude greater. The 
problem is one of designing a compatible 
head and medium; chromium cobalt is 
sputtered onto a substrate. 

The head must consist of a pole at right 
angles to the disc which throws the field 
into, rather than along, the medium. As 
the trailing edge of the field determines the 
final state of the medium, the pole used for 
writing only could have a relatively large 
dimension ^ong the track, but a head used 
for reading would need a very small pole 
indeed. The minute signals induced at 
such high densities might require an 
amplifier to be integrated into the slider. 
Thin film technology might enable the 
magnetic circuit and the amplifier to be 
fabricated in one process. 

Optical recording 

Optical recording is as old as talking pic¬ 
tures, when recording was by modulating 
the width or density of a track alongside 
the picture frames, which could be read 
with a lamp and a photocell. Such 
techniques were smdied in the 1940s when 
the first digital computer emerged. These 
optical storage projects were quietly 
forgotten when the first magnetic dnuns 
and subsequendy discs staned to show 
their paces. Film needed to be processed 
before it could be read back, whereas 
magnedc storage offered immediate read 
back. But optical recording never died, 
and the invention of the laser with the 
consequent study of its applications gave it 
new potential. 

The essence of modem optical storage is 
that laser light is used to melt or otherwise 
affect the medium in such a way that the 
changing reflecting power of the surface 
can be used in the read process. There are 
a number of different approaches to the 
basic principle, but the optical assembly 
requir^ is similar in constmction in all of 
them. Fig. 4. There are two lasers, the 
write laser being the more powerful; a half- 
silvered mirror allows light from either 
into the system. For reading, the low 
power read laser is activated. Unlike 
magnetic reading, where the read head acts 
as a generator, optical reading requires an 
external source of energy that is modulated 
by the medium, permiting large signals to 
be generated. 

The most interesting aspect of the read 



Fig. 3. With conventional longitudinal recording, an increase in density reduces the aspect 
ratio of the media domains (a) aggravating self-demagnetization. With vertical recording 
increased density actually improves the situation (b). 


process is the separation of incident and 
reflected fight. The polarizing beam 
splitter acts as a plain block for fight 
polarized in one direction, but as a prism 
for fight polarized at ri^t angles. The 
quarter-wave plate rotates the plane of 
polarization by 45”. 

It consists of a crystal whose refractive 
index is anisotropic; the principle is similar 
to that used in structural analysis, where 
models of engineering components made 
in clear acrylic are placed under stress and 
studied with polarized fight. Rotation of 
the plane of polarization is a fimction of 
the wavelen^, so the monochromatic 
output of the laser is essential. Light from 
the laser travels once through the quarter- 
wave plate on its way to the medium, and 
once again following reflection from it. 
Reflected fight entering the beam splitter 
is thus polarized at right angles to the 
incident fight, and the splitter acts as a 
prism, reflecting the fight onto the read 
sensor assembly. 

For writing, the output of the write laser 
passes straight through the system, and is 
focused on the medium. What takes place 
on the medium can be one of several 
mechanisms shown in Fig. 5. In the 
ablative process, the laser beam is focused 
on a thin metal film supported on a 
substrate. This melts right through the 
film, and surface tension causes a hole to 
appear before the metal re-freezes. Tlie 
most common material proposed for this is 
tellurium because it offers high density, 
but if suffers from a number of drawbacks. 
It is difficult to deposit permanently onto a 
substrate, and is subject to deterioration 
caused by oxidation and humidity. 

In a different technique the laser beam 
passes through a very thin film into a 
plastics substrate where the intense heat 
causes decomposition to gas, forming a 
blister in the metal film. Although these 





Fig. S. Three optical writing techniques. In 
the ablative technique (a) the laser melts 
holes in a tellurium film. At (b) laser beam 
decomposes plastics substrate, causing 
gas pressure which raises thin coating film 
in a blister. In (c), a possible eraseable 
recording, surface ripples are left where 
the medium has been partly melted. In the 
erase process a steady beam melts the 
track continuously; surface tension 
smooths out the tracks. 
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quadrants, vertical ellipse favours upper and lower quadrants, and a differential amplifier 
provides focus error signal. Four quadrants are summed for read signal output. 


two new techniques permit reading and 
writing, the last-mentioned process is once 
and for all. There is no parallel with the 
ability of the magnetic head to erase and 
re-write. 

Eraseable optical storage exists at the 
laboratory stage, but it remains to be seen 
whether it will be marketed. The essentials 
of the process are to melt part way through 
the medium only, to prevent evaporation 
and the formation of holes. A steady erase 
beam could melt the entire surface of a 
track, allowing surface tension to smoo± 
out the siuface, but it is not inconcievable 
that a beam switching between two levels 
might erase and write at the same time. 
Inherent in the process is a very small 
displacement of the medium, so that 
erasure is possible. This will inevitably 
cause the read-back signals to be small - 
another problem to be overcome. 

An optical disc drive requires many of 
the same components as a magnetic drive; 
spindle drive, read/write encoding logic, 
and some form of positioner are common 
to both. However, magnetic heads need to 
fly close to the medium to read short- 
wavelength signals, and they are designed 
to follow disc warps. As light can be 
focused, the optical head can be a short 
distance from the medium. This eliminates 
the possibility of head crashes caused by 
contamination, but it also prevents the 
head following warps and an active focus 
system is necessary. 

This is commonly provided by using the 
principle of astigmatism. If a cylindrical 
lens is interposed between the prism and 
the sensor, the image of the round read- 
laser spot on the sensor will only be 
circular at the point of correct focus. Fig. 6 
shows that the shape of the image becomes 
an ellipse on leaving the focal plane, with 
the angle of the major axis being 
determined by the direction of movement. 
If the image falls on a four-quadrant 
sensor, .the four outputs can be summed 
and differenced to produce a focus error 
signal, used to drive an actuator on the 
focus lens. 

For high-density magnetic recording,, 
the track-following signals come from the 
disc itself (part S) and this remains true for 
optical discs. Whereas in a magnetic drive 
the positioner and head have to move 
precisely to follow the track, the laser head 
performs fine tracking by steering the 
beam and the positioner is only us^ for 
coarse positioning. Fig. 7 shows the two 
major approaches to fine tracking. Where 
only a single platter is used fine tracking 
can be done by shifting the lens laterally. 
Fig. 7(a), which must be fast enough to 
follow disc run out; a moving coil actuator 
is one solution. At Fig. 7(b), fine tracking 
is done by rotating a mirror to reduce the 
height of the assembly. (The assembly can 
scan two surfaces by turning the mirror 
90®.) In both cases focus is by moving a 
lens along the axis of the beam. In case (a) 
it can be the same lens as the tracking lens, 
in which case it will need to be driven in 
two axes. Control signals for fine tracking 
are derived from disc patterns and are, in 
the broadest sense, optical analogues of 
magnetic servo-head techniques. 





Fig. 7. Where space is no problem, fine 
track-following can be done by lateral lens 
shift (a). More compact arrangement uses 
a rocking mirror as shown at (b). 

A simple arrangement is shown in Fig. 8 
- here a diffraction grating creates two 
side beams which follow different paths 
through the system to fall on different 
sensors. Modulation of the side beams 
changes differentially with tracking error, 
allowing the generation of a feedback 
signal. A disadvantage of this method is 
that a space has to be left between tracks 
that is sl^tly greater than the track 
width, which wastes space on the medium. 
A more complex approach is shown in Fig. 
9. 

A great drawback of magnetic recording 
from the point of view of duplication is 
that every copy has to be individually 
recorded. One of the reasons why vinyl 
discs have survived the coming of the 
compact cassette is that they can be 
duplicated by stamping. Both video and 
audio optical discs are now available where 
the read mec hani sm is by laser, as 


described. In the case of video discs, the 
length of the holes or pits in the disc is 
modulated directly by the programme 
waveform, whereas in audio discs, the 
sound waveform is digitized and encoded 
using similar techniques to those on the 
latest magnetic discs. None of these laser 
players can record - they are intended 
solely for playing recorded ^scs. 

The opti^ discs are duplicated by 
electroplating a master to form a die. The 
master can be made by writing on 
photoresist with a low-power laser and 
developing to leave areas of hardened resist 
in relirf, or by direct writing with a high- 
power laser. The resulting dies are used to 
stamp plastic discs which then receive a 
thick electroplated metal coat and a 
transparent protective layer. The medium 
is thus sandwiched between plastics and is 
very resistant to damage. 

Magnetic and optical recording 
compared 

It is too early to be able to write 
definitively on this subject as so much 
research remains to be done. Proponents 
of optical recording claim that magnetic 
discs are further along their learning curve 
than optical ones, and that future research 
in the field will follow the law of 
diminishing retuums. The fact that the 
magnetic head has to be very close to the 
medium is also held to be a drawback, as 
great cleanliness is required. 

Proponents of magnetic recording claim 
that combinations of metal media, thin- 
film heads and vertical recording will 
enable them to match the densities claimed 
for optical recording. It has been suggested 
that diffraction may set a limit to the 
density of optical discs from which 
magnetic discs will not suffer. Criticism 
can also be directed at the high raw error 
rates of current optical devices, and the 
inability to erase in most of them. ^ 
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Rg. 8. Simple tracking system uses two 
auxiliary beams each side of the reading 
beam. Track misalignment causes the 
two side beam signals to change in Lett 

amplitude differentially. 
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Rg. 9. A possible 
embedded servo 
technique for optical 
discs uses one beam for 
track following. Two 
beams spaced at ’/& track 
apart could generate two- 
phase signal to count 
track crossings. In the 
three examples shown, 
notice the effect of 
position error on the 
second part of the pulse 
waveform. (Compare 
with article on servo 
surface drives, August 
1982 issue.) 





Odd Even Odd 
Track centres 


The truth lies somewhere between the 
extremes of/this clamour. In my view, 
the optical and magnetic data discs are 
complementary rather than competitive. 
In la^-scale data processing, there will be 
no significant departure from the well- 
proven combination of multiprogramming 
processor and swapping ^sc, as the 
emerging magnetic technologies will 
produce hard-disc drives offering low cost 
per bit and retaining the ability to erase. 
For backup and archival purposes, the 
write-once characteristic of optical discs is 
not a problem, and their resistance to 
contamination inakes them ideal where the 
medium is to be removed from the drive. 
This may well have an impact on magnetic 
tape storage. 

Possibly the greatest potential for optical 
discs lies not in the existing data 
processing fields, but in new applications 
for which their characteristics are better 
suited. These include electronic filing 
cabinets, where images of documents are 
stored as disc data. In these applications, 
non-eraseability is an asset rather than a 
drawback. 

One far reaching consequence of the 
latest generation of computer equipment is 
its impact on maintenance philosophy. 
Most of the current units incorporate 
microdiagnostic hardware and firmware in 
such a way that in ±e event of a hardware 
malfunction a code is displayed that 


specifies the faulty assembly to be 
replaced. It is no longer necessary to know 
how these units work in order to repair 
them. In normal disc drive operation, 
microprocessors eliminate the need to 
make manual adjustments. In some 
current disc drives, the critical access time 
adjustment is performed automatically 
every “power-up”. Hard-disc technology 
eliminated head alignment problems for 
non-exchangeable drives, but now a com¬ 
bination of embedded servo drives and 
intelligent controller eliminates head 
alignment in exchangeable pack drives, 
and in fact enhances compatibility between 
drives. 

This is, of course, good news for the 
computer user, as reliability will be 
increased and repair costs will be reduced 
in line with falling hardware cost. What is 
also implied is that the requirement for 
engineers who have both the mechanical 
and electronic skills necessary to repair 
hardware of the last generation has simply 
gone away, along with the requirement to 
provide in-depth training. A process of de¬ 
skilling is well under way in computer 
maintenance. The next generation of 
computer technicians is already being 
recruited from television and domestic 
appliance repairers - a sobering thought 
when it is remembered that the first 
stored-program computer ran as recently 


Next month 


Viewdata display mod¬ 
ule, linked to a home 
computer, allows a 
colour tv to receive and 
display Prestel and 
teletext. Full design and 
construction Information, 
including a printed-board 
design, is presented. 


Digital tape timer is a re- 
placement for the 
mechanical counter used 
in tape recorders. Accur¬ 
acy Is around one part 
per thousand on a IOV 2 
In. reel. The tape itself 
drives optical sensors, 
which also ensure that 
the reading is maintained 
in both forward and re¬ 
verse directions. 


Amateur satellite tracking 
system, controlled by a 
Pet micro, will contin¬ 
uously adjust aerial alti¬ 
tude and azimuth to track 
Oscar 7, Oscar 8, Tiros-N 
or NOAA-6 by means of 
rotators. 


Single-chip microcontrol¬ 
lers with program in 
eprom are now available 
cheaply. Program de¬ 
velopment can therefore 
be carried out using an 
eprom emulator; this ar¬ 
ticle describes a circuit to 
enable this to be done. 


On sale 
March 16 
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AMATEURS AND 
CABLE 

As Pat Hawker (G3VA) has mentioned on more 
than one occasion the question of cable tv being 
installed for tv links and its possible interference 
to the amateur bands between SMHz and above 
is looming. 

With the ratification of the R.F.I. Bill S.929 
last September it would appev that ‘we’ as the 
amateur population are dn^ging our feet some¬ 
what. 

Hopefully, as I ask you to publish these few 
words, someone somewhere, both in industry 
and the amateur world, here in the UK at least, 
will take note and realise that if cable tv is to 
progress without (?) problems then parties must 
get together quickly. It not only affects the 
amateur and indust^ at large but in some cases 
the short-wave and domestic listener/viewer. 

Bearing in mind the radio amateurs 
throu^out the world form a substantial part of 
this balance of payments of varying countries 
and after all not every firm depends on MoD 


The naive idea that amateurs do not count 
according to some professional engineers must 
be looked at in the light of future and past 
developments in both radio and tv. In short, 
what works in theory doesn’t always work in 
practice so consequently the need for liaison 
between interested paraes, notably the RSGB 
on the one hand and industry and the Home 
office on the other. The RSGB and others are 
aware of this problem regarding cable tv and it 
should not be allowed to drift. I thank you in 
anticipation of publication as the subject does 
affect all radio amateius and listeners alike. 

J.A. Holmes 
London E4 

CONSTRUCTING AN 
ELLIPSE 

I required a simple method that wotild give a 
visu^ picture of the specified ellipse; the 
distance between its foci, Fi and F2; and the 
area of the ellipse. 

Imagine the ellipse’s auxiliary circle, shown 
dotted, (see diagraih), to rotate about diameter 
x-x. It would project an infinity of ellipses 
each having a common major axis, with corre¬ 
sponding minor axes diminishing to 0, as it 
resolves into a straight line on x - x. The rela¬ 
tive foci, Fi, F2; diverge from the centre, finally 
reaching the extremities of the major axis 
X - X. The sine of the angle of inclination a to 
project a specified ellipse = minor axis/major 
axis=angle a, and, if this angle is projected on to 
the auxiliary circle, passing through its centre, 
similar to a side projection to itself. A—B, then 



perpendictilars are erected fiom A and B to 
meet z-z, these points will meet it at Fi and F2, 
their accurate distance apart=major axis x cos 
“a”. To find the area of the ellipse I multiply 
the area of the auxiliary circle by sin a. 

L.G. MiUer 

Lydney 

Glos. 

THE NEW 
BUREAUCRACY 

When Dr Can produced the first of his series of 
articles attacking me and my colleagues, I 
tended to dismiss them as tl|e raving of a 
confused mind, even when they were printed as 
leading articles in a journal which I respect. 
Could this outpouring be from the same office 
which produced “Microchips and megadeaths,’’ 
I wondered? Now, after the third attack, it is 

Like Dr Can, I have worked for computer 
manufacturers and computer users for the past 
twenty years, but in software. Like him, I ^ve 
been confounded by bureaucratic interference 
and bloody-mindedness, but the stroigth of his 
feeling is truly amazing. What a pity he turns 
his feeling against his colleagues. 

In short, it is facile in the extreme to argue 
that programmers, whose job it is to conven a 
statement of reqtiirements to a working system 
on a given set of hardware, can be blamed for 
the adoption, retention or, indeed for any inf¬ 
luential action at all when it comes to computer 
hardware. We use what is avai'able, that is all. 

To those of us in the real world - imple¬ 
menting working systems — the idea of us “in¬ 
filtrating and subvening” the process of 
hardware design, while attractive, is tmreal. 
None of us likes the von Neumann architecture 
- we spend our lives trying to circumvent it. 
Indeed, when I showed his article on Wafer- 
Scale Integration to some of my colleagues, 
there was universal interest. As an aside, our 
Systems Manager would like to find these 
systems programmers who are politically adept, 
for they would be rare beasts indeed. 

It seems that we have given offence because 
we have neither science nor technolo^. I must 
confess that is some months since I integrated 
my last expression (compoimd interest calcu¬ 
lation, as it happens), and I agreed that univer¬ 
sity courses are of little relevance to the practis¬ 
ing programmer. But my craft is not to blame 
for that, and the imiver^ requirement for ex¬ 
perience is a good illustration that the industry 
is being condemned by the action of a few. My 
Oxford dictionary, incidentally, relates the 
word “technology” to grammar and a study of 
the techniques of art, or the arts. Our use of the 
expression “Software Engineering” was devised 
as a tribute to oiur hardware colleagues, and a 
good pointer to the way we had to go. It is 
churlish to refute such a tribute because, we 
have not yet completed the journey. 

Finally, if Dr Cart has difficulty in finding 
software people to design and develop his soft¬ 
ware (should he concede that he needs it), then 
he ne^ look no further. I am a consultant with 
a background similar to his, with experience in 
the fields he requires. My only qualms in vol¬ 
unteering to work with him is that, although I 
understand him, will he understand me? 

D. W. Scott 
Nettlestead Green 
Kent 


NO SUCH THING AS A 
MAGNETIC FIELD 

I have always been pleased and surprised by 
Wireless World’s editorial policy which seems to 
take a far wider view of the world than the 
purely technical, electronic one. 

Over the years we have frequently seen letters, 
articles and editorials which enrich the subject 
matter of Wirless World on such topics as 
relativity, fundamental electronic philosophy 
and the morality of contributing to warfare. A 
very healthy and refreshing state of affairs. 

May I be permitted to make a small contribu¬ 
tion. When learning about electricity at school, 
it suddenly struck me rather forcibly that there 
can be no such thing as a magnetic field. Some 
readers will no doubt find this assertion very 
curious as we measure, use and describe magne¬ 
tic fields mathematically. We can even feel them 
if we take hold of a couple of magnets, and by 
using rather specialised techniques we can make 
them visible. 

The simple fact about the magnetic field 
however, is that it has no separate existence; all 
the techniques for measurement or detection of 
the magnetic field have common features and 
none can demonstrate or identify the separate 
existence of the thing we call a magnetic field. 

When, for example, we “detect” a “magnetic 
field” between wires in which a current flows, 
the only factor we can be reasonably certain of is 
that we are bringing into proximity moving 
electric charges. There is no proof of a “field” 
and nothing to be dignified by a special name 
“magnetic”. We simply have a force between 
moving electrons. 

When we bring two magnets together, the 
force between them is not due to any invisible 
etherial field, but is due to the proximity of 
moving electric charges, the electrons confined 
to orbits (or orbitals of the Schrodinger wave 
equation). All the force effects between magne¬ 
tic (ferro, para or diamagnetic) materials can be 
explained in terms of moving electrons. 

What other “proofs” or “measurements” of 
“magnetic fields” exist? The Hall effect springs 
to mind. Here again, we are simply looking at a 
force between moving electrons, which is either 
allowed to set up a transverse potential gradient, 
or a small transverse ctirrent in a conducting 
meditun when another medium containing 
moving electrons is brought nearby. Once 
again, all we have is a force between moving sets 
of electrons. 

These common feamres are found in any test 
or experiment concerning the “magnetic field”, 
whether we consider electron beam deflection in 
a c.r.t., electro-magnetic induction, compass 
needles or whatever. 

The history of science is littered with 
examples of concepts which at best summarize 
the truth, and at worst hinder the under¬ 
standing of the true state of affairs, and as Ber¬ 
trand Russell said, once people believe a thing 
really must be so, it takes a tremendous weight 
of evidence to change their minds. Examples are 
“phlogiston”, a gas once supposed by chemists 
to be given our during any combustion, “cal¬ 
oric”, the fluid responsible for heat, and the 
ether, once supposed essential to the transmis¬ 
sion of electromagnetic waves. The trouble with 
the foregoing concepts is a natural tendency to 
believe that if a special name exists for a concept 
we know all about it. In fact we know next to 
nothing about this force between moving 
electrons, just its size and existence are known. 
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How it arises and why are a mystery which the 
mere name “magnetism” does nothing to ex¬ 
plain. 

It would be rather perverse to attempt to tear 
down a cornerstone of electromagnetic beliefs 
without attempting to make some progms. 
Perhaps it would be hseful to clarify the situa¬ 
tion by discarding all the terms containing the 
“magnetic” root and use the following. 

Electrokinetic force - the force between 
moving electrons (formerly known as nuigne- 
tism). 

Ekctrosutic force - as before, the force be¬ 
tween sutionary charges. 

We could manage very nicely with just these 
two. It would be useful to dispense with the 
antiquated term “field” (does it originate 
somewhere in our agrarian past?) and write all 
the equations in terms of forces instead of 
invoki^ this roundabout compUcation. 

It is to be hoped that by clarifying the situa¬ 
tion in these ways, more would call into question 
the fundamental nature of the forces between 
electrons at rest and in movement and some real 
progress could be made. 

I hope there may be something of originality 
and controversy in this, I have not seen such 
ideas expressed in your columns before 
(equally, I have not read every issue of Wireless 
World). If you would like to publish any of this 
letter I would be very pleas^ and grateful. In 
the meantime, I shall continue to look forward 
to the “questioning” letters and articles I have 
come to expect as a part of your excellent publi¬ 
cation. 

A. R. Churchley 

SARAKrd 

Warrington 


ELECTROMAGNETIC 

DOPPLER 

I have been unable to find the answer to what is 
superficially a straightforward question. What is 
the mechanism by which Doppler shift is pro¬ 
duced in the case of electromagnetic waves? 

In acoustics, when two observers in relative 
motion observe the same sound wave they mea¬ 
sure different frequencies due to the simple fact 
that the wave is passing each at a different rela¬ 
tive velocity. If Vri and Vm represent the velo¬ 
cities of observers 1 and 2 relative to the wave 
then 


or 


flX_f2X 

Vri Vr2 

fl/f2=VR,A^R2=(V-V,)/(V-V2) 


( 1 ) 

( 2 ) 


Equation (2) is the derivation of the more 
familiar form of the eqiution where the relative 
velocity of wave and observer is expressed in 
terms of the velocity of propagation in the 
medium V, and the velocity of the observers 
tdative to the medium V] and V2. 

The e.m. Doppler sWft equation (3) can be 
verified experimentally to a high degree of ac- 


the velocity of light relative to the observer is c-v 
which is in direct opposition to the postulate of 
relativity which insists that the velocity of light 
is always c independent of relative motion be¬ 
tween source and observer; that the velocity of 
light is constant relative to the source which 
would provide an adequate explanation of the 
null result of the Michdson Morley experiment 
and would support the corpuscular/photon 
model of light, photons being “shot” out of 
matter at constant “muzzle” velocity. 

A further piece of evidence supporting (2) is 
that of star aberration. In 1729 Bradley showed 
that the apparent direction of a star is actually 
the vector sum of the velocity of the light finm 
the star «nH that of the earth. 

It would seem that there is at least some 
evidence to support the view that the velocity of 
light is constant with respect to the source and 
that this would resolve Ae dilemma presented 
to physics by the Michelson Morley experiment. 
As physics has not accepted this path one can 
logically assume that there must be overwhelm¬ 
ing evidence to the contrary which supports the 
postulate that the velocity of light is always 
constant independent of the velocity of the 
source. I have looked in vain for such evidence, 
most books seem to manage without any: the 
only evidence which I have found is de Sitters 
obs^ation of double stars. If the whole of 
modem physics is based only on that I think we 
should all be worried. 

The standard technique seems to be to ignore 
Doppler and aberration, to fudge the evidence 
in respect of the postulate and dive straight into 
the mathematics of relativity. From this appear 
the relativistic Doppler shift equation and aber¬ 
ration equation. Thus having shown that both 
are embraced by relativity one never has to ask 
the questions I have raised. Now the relativistic 
Doppler equation may be written. 


k 

f. 
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The second term is time dilation which for 
modest values of v is equal to unity. My ques¬ 
tion is what is the physical mechanism which 
produces the first term which appears to be the 
ratio of two velocities. If the velocity of the wave 
is the same to both observers there is effectively 
only one other possible variable and that is time 
(note distance can be defined as the distance 
travelled by a light beam in unit time) so that if 
the first term is not due to a difference in veloc¬ 
ity of the wave it must be due to a time dif¬ 
ference or time dilation. Both observers observe 
the same wave. They both observe that it is 
travelling at the same velocity yet they disagree 
as to its fiequency because their clocks are tick¬ 
ing at a different rate. But whose clock is ticking 
faster than whose. It depends on which observer 
is sourcing the beam of light. If both send a 
beam to the other simultaneously then we get 
the mathematical absurdity 


Ta>Tb and Ta<Tb 


to_C-\ 
f. C 


(3) 


Now if, as I have seen stated, “similar prin¬ 
ciples apply” one can deduce two things: that 


into type of “paradox” has been mentioned 
in WW before, but surely either the result must 
be rejected because it doesn’t conform to the 
laws of mathematics, or the laws of mathematics 
are wrong, in which case the derivation of the 
result must be rejected as being based on faulty 


mathematical laws. 

I would welcome any suggestions as to where 
I am going wrong. 

I have followed Dr Murray’s articles with 
interest but he has lost me on one point. If, as he 
suggests, light waves are periodic variations in 
photon density then presumably destructive in¬ 
terference occurs when the peaks in density of 
one wave ‘fill in’ the troughs of the other so that 
the variatioH in density is zero but the actual 
density is the combing averate density of the 
two waves. Surely this could be easily checked 
experimentally as the photo-electric current 
pr^uced by a dark fri^ of an interference 
panem should be the same as that of a light 
fiinge. I cannot see either how his model can 


Appeodix 

Double stars 

For those unfamiliar with this piece of evidence 
the idea is that if the velocity of light were 
constant with respect to the source, then the 
li^t fiom a star in a binary system which is 
travelling towards us would tend to overtake 
that finm the star going away firam us with the 
result that their observed orbits would seem 
irregular. De Sitter observed double stars and 
no orbital irregularity. I have yet to find out 
when or where these observations took place, 
the magnitude of the expected irregularity, de 
Sitter’s measurement accuracy, and why he 
didn’t get a Nobel prize for this obviously vital 

JKennaugh 

CftUington 

Cornwall 


STEREO WIDTH 
CONTROL 

In die article Modular preamplifier’ Mr J. L. 
Linsley Hood describes a circuit to blend or 
separate 2 stereo channels (WW Jan, 83 page 
47/48, Figs. 20, 21). Although there can be no 
doubt that these drcuiu can work satisfactorily, 
with some minor modifications a combing 
separate blend circuit is possible - see Fig. 1. 
As you can see, by adding four extra resistors, 
just a one-section potentiometer is required, and 
width control can be turned completely back to 

I like to use this opportunity to warn experi¬ 
menters, who for some reason use bipolar op- 
amps of the 741 type for audio purposes, that a 
negative d.c. bias at the output of such op-amps 
(e.g. a 3k9 resistor from output to minus 
supply) can reduce crossover distortion at 
hi^er fi^quendes remarkably. 

P. C. W. Demmer 
Amsterdam-Oodorp 
Netherlands 
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ELECTRONIC IGNITION 

Users of the electronic ignition published in the 
March 1982 edition may be interested in an 
important secondary use for the change-over 
switch recommended in the article for all 
electronic systems, in the event of failure. 

It is a well-known effect that the contaa 
breaker tends to get dirtier soon with electronic 
ignition, an effect which is made worse if the 
distributor capacitor is removed. This results in 
misfiring and eventual stoppage. However a few 
minutes r unning with the change-over switch in 
the conventional mode every now and thm will 
prevent an accumulation of dirt, which is pre¬ 
sumably burnt off by the arcing and sparking 
that is a normal feature of conventional ignition. 

Contamination of the contact breaker can be 
surprisingly difficult to diagnose unless you 
know of its effects, and can lead to time ^ted 
in a search for component failure in the 
electronic ignition. 

Rod Cooper 

Lichfield 

Staffs 


FAILURE OF DISTRESS 
SIGNALS AT SEA 

I would like to make a few comments o n the 
letters from Mr Hans P. Faye-Thilesen (WW 
February, 1983). 

Whatever the losses in the insulators and 
wires of an aerial caused by dielectric and induc¬ 
tion heating, these ate (for a particular fre¬ 
quency) constant and predictable losses, which, 
as for any electrical machine, are taken into 
account in any calculation of efficiency, and 
which ought to very much increase with fre¬ 
quency. Losses due to inductive heating of parts 
of a ship’s superstructure, caused by poor siting 
of aerials, are probably worse, but not readily 
measurable. 

Some of the “top loaded unipole” aerials 
mentioned by Mr Faye-Thilesen are only 10 per 
cent efiSdent at SOOkHz, according to their 
manufacturers ’ data. Even this we are grateful 
for (and it isn’t very go^), when it is available, 
but it is not the theoretical aerial efficiency un¬ 
der ideal theoritical conditions that people at sea 
have been criticizing; it is the total coUapM of 
any efficiency at all in bad weather conditions, 
and there is no denying that it is related to two 
main fru:tors, namely aerial capacity and insula¬ 
tor leakage. This is experimentally demonstra¬ 
ble by the instant improvement in performance 
obtaiiuble by parallel connecting several aerials 
and washing, shielding and/or reducing 
ntimbers of insulators. I could speculate that 
dielectric heating of water droplets in moist air 
contributes to the problem, but then it ought to 
be evident at h.f. as well as SOOkHz, and it is 
not. We have no problems with these aerials at 
h.f. 

For information about the performance of 
low-powered SOOkHz life-boat tran Mnitt ers, I 
would refer readers to my letter in WW June, 
1981, in which I quoted from actual experience. 
I have, as a matter of routine, regularly tested 
life-boat radio equipment on board ship.With a 
SW transmitter on SOOkHz, and 30 feet of wire, 
six feet above the deck, 40 feet above the water, 
it is not very difficult to obtain a good sign^ 
report fiitxn a coast station 2S miles away in 
daylight hours. I would not agree that this 
^uipment is “useless”. I don’t know how to 
keep 60 feet of wire supported from a kite or 


balloon in a storm either, but I still wish to have 
the kite or balloon available for possible use in 
the calm that follows the storm. 

I certainly support Mr Faye-Thilesen’s 
contention that only SOOkHz is reliable for DF 
purposes and that 2182khz is absolute^ useless. 
This was borne out a few years ago in the loss of 
the German ship Munchen. DF bearings taken 
on a 2182kHz EFIRB beacon later proved to be 
wildly inaccurate. No trace of either ship or 
crew was ever found. 

Finally, SOLAS means Safety Of Life At Sea. 
John Wiseman 
London, E3 


THE RIGHT FORMULA 

Referring to R. G. Youngs letter in the No¬ 
vember issue, when Max Bohr was discussing 
the existence and reality of purely theoretical 
(abstract) entities, the conclusion reached was 
that their existence and reality were both un¬ 
necessary attributes. From this conclusion one 
may safely say that materiality diminished to its 
ultimate stops at Newtonian physics and the 
molecule. Anything smaller su^ as concepts of 
atoms, electrons and nuclear particles reside 
only in the mind and are devolutions of the 
physicists’ credo and not science. The theories 
evolved from such conceptual devolutions com¬ 
prise metaphysics. It is for this reason t^t 1.1 
X 10~'^ grams increased mass (1.1 x lO'^wasa 
slip of the pen as was the use of Srelocity’ rather 
than ‘motion’ in the definition of mass) does not 
exist. 

If there ever was a ‘big bang’ start to the 
universe then there must be an absolute still 
from which the increases in mass may be mea¬ 
sured. Einstein denies this absolute still point, 
hence some absurdities result from his theory, 
which only partially accounts for phenomena. 
Hence perhaps one may say that 1.1 x 10“'^ 
grams is a mathematical fluent of the imagi- 
nation and also that it is neither real nor exist¬ 
ent. 

The mathematics used in science must follow 
the same laws as the physical phenomena being 
investigated so that it nuy be regarded as valid. 
It is, for example, mathematics which rules that 
li^t must be a wave or a particulate phenome¬ 
non but not both. It is the ph3rsical phenomenon 
of light which rules that it is both a wave and a 
particle and therefore scientists ought to get 
used to thinking this way and cast out some of 
the imprinted ideas of their earlier days of what 
exists, what is real, and what can or caimot 
happen, if they wish to advance in knowledge 
rather than speculation. 

O. Balean 
rhatham 
Kent 


SEEING RED 

I have had recently to up-date my tented colour 
television receiver because of problems as re¬ 
gards replacement spares for the old one which 
was still performing satisfactorily. 

I vras immensely impressed with the techno¬ 
logical progress which has been made not only 
as regards the facilities provided but the way in 
which they can be controlled. No longer does it 
feel as if I am operating an oil circuit-breaker 
when I change channels and I am given access to 
a vast amount of information by courtesy of 
Teletext. I am moreover given remote control of 


all this by the choice of something like 30 dif¬ 
ferent commands over an infra-red link. 

Being so inqiressed, I was perhaps somewhat 
slow in giving a critical eye to the receiver’s 
main purpose, namely to pr^uce a picture of at 
least as good quality as that available from the 
old receiver. 

What I found was, that while the pictures 
were sharp and bright, the colour rendering was 
not what I might have expected. 

It is in the ted part of Ae colour range where I 
feel most dissatisfaction because what I am 
shown is a ted which is more of an orange hue 
though some might refer to it as flame colour. 

Some well-known objects have a particular 
colour association and errors in coloitr rendition 
in such instances, can be quite disturbing. Grass 
can be more or less green and sky can vary in its 
blueness but the colour of a London otnrtibus 
and that of a guardsttuui’s uniform is well-re¬ 
membered in the mind’s eye and it is here that 
errors will be immediately apparent. 

Switching to Teletext on the new receiver 
showed that red was the same hue as obtained in 
the tv picture and this would seem to show that 
the modem “red” phosphor has a characteristic 
rather different from the primary red phosphors 
of a few years ago. Manufacturers may have 
seen fit to do this in order to give increased 
brifditness when viewing tmder conditions of 
high ambient lighting but if this is the case, a 
regrettable error is being built in to the modem 
receiver. 

For instance, where a floral display is 
involved, the inability to portray a pure or prim¬ 
ary red could result in flowers befag seen with 
hues quite inappropriate to their species. 

Finally, I can admire my receiver as a product 
of high technology and it produces some very 
pretty pictures but in the cirumstances I have 
described, I find them unsatisfactory if only 
because I am no longer allowed to see red. 
Gwilym Dann 
C3upstead 
Surrey 


DESIGNING WITH 
MICROPROCESSORS 

It is unfortunate that several errors appear in the 
8080 PRINT program in the article by Zissos 
and Valan (December 1980 issue). 

The MVI instroction at location 1003 does 
not set the zero flag, so a zero length block will 
not be trapped. 

The JNZ instroction at location 1005 should 
beaJZ. 

The JMP instroction at location 1013 jumps 
to the wrong place, causing an endless loop. 


A possible revised 
format, appears below; 

program, in Assembler 

ORG lOOOH 

; program start 
address 

LXl H,2040H 

; address of first byte 
to be printed 

MVI A,n 

; A=ngth of block 

MOV C,A 

; C=length of block 

ORA A 

; set flags 

L3: JZ LI 

; jump to LI if 
count=0 

L2: IN 60H 


RLC 

JC L2 

; loop if printer not 
ready 

MOV A,M 

; next byte to be 


printed 
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LETin i RS 



OUT 61H ; print 

INX H ; point to next byte 

to be printed 

OCR C ; decrement count 

JMP L3 

LI: HLT 
Neil Roberts 
Leasco Software Limited 
Maidenhead 
Berkshire 

NON-BINARY LOGIC 
CIRCUITS 

I was saddened to see the article by C. W. Ross 
in the December 1982 issue, page 68. The idea 
of something other than straight binary surfaces 
every few years, and then sinks out of sight. The 
reality is that in around 1960 there was an his¬ 
toric shift from the supremacy of analogue to 
the supremacy of digital. The full power of 
binary has been missed during the last 20 years 
due to the worldwide fixation on the expensive, 
fully parallel binaiy. This is very limiting, and 
makes mote plausible the partial resurgence of 
analogue in the form of Ross’s ideas, ternary, 
logic, majority logic, etc., etc. 

In 1964 at Motorola (see “A high-speed inte¬ 
grated circuit scratchpad memory,” Fall Joint 
Computer Conference, November 1966), my 
team delivered a system in which logic pulses 
4ns wide (2ns rise time, 2ns flat, 2ns fall time) 
were used as a matter of course. At that time, an 
eight-bit byte could be delivered as a routine 
matter in serial form down one single wire (plus 
OV return) in 32ns, a 16-bit word in 64ns. To¬ 
day, 20 years later, we could probably go 10 
times faster if we tried, delivering a 16-bit word 
in serial form down one wire (plus OV retiun) in 
6.4ns. (In fact, for all the ballyhoo about in¬ 
creasing speed, we have not tried at all to in¬ 
crease spe^ during the last 20 years!) 

Serial working would reduce the cost and 
increase the reliability of present-day micropro¬ 
cessors and rams, drastically reducing the 
number of legs on on the chip, the number of 
interconnecting leads, and the chip di.p. size. 
It would also drastically reduce the cost of stan¬ 
dard buses. [In 1964, signals starting on one 
board, transferring to a mother board, and then 
transferring back to another daughter board, 
retained their fast (2ns) rise and fall times.] 

Fixation on fully parallel working shows how 
this crazy industry can ignore the strongest 
financial imperatives. This is because of the 
extreme youth of the people in the industry. 
They learn about what should be temporary 
pha^ in the industry and assume that it was 
always thus and will always be thus. In fact, 
’serial working was the norm until around 1960. 
Today, you are not allowed to design serial 
working into a digital system. (This includes a 
(ban on serial memory.) How this fixation can 
hold out against the present alleged trend of 
computer linking up with a fully serial industry, 
telecom, I do not understand. It proves the 
strmigth of a fixation, how it can stand firm 
against all odds, including strong fiiumcial 
pressures. 

Fully parallel working, with its concomitant 
complex failure (breakdown) modes, has 
spawned the growth of the very complex, ex¬ 
pensive logic analyser industry, and massively 
forced up the complexity and rate per hour of 
system repair. By contrast, a serial system can 
t>e analysed using a normal oscilloscope. The 
bits lay themselves out along the trace, and 
failures are easy to find because they are cata¬ 
strophic — the whole word disappears. 


Ivor Can 
St Alans 
Herts 

MODERN PHYSICS 

Congratulations to Wireless World for provid¬ 
ing publication for Dr Miuray’s series. To find 
such an open-minded and intelligent discussion 
in a respected journal is today exceedingly rare. 

Modem thinkers have become so entrapped 
in preconceived notions that their power of de¬ 
tached observation has almost entirely disap¬ 
peared. To illustrate, it has never been ex¬ 
plained an electron should orbit the 

nucleus of an atom. Surely, if an electron and a 
proton experience a mutual attraction they 
should simply move together and unite; there is 
nothing to suggest that any sort of rotational 
motion is either necessary or possible. The fact 
of the matter, and one that is becoming in¬ 
creasingly obvious to many thoughtful persons, 
is that Nature does not consist of the attraction 
or repulsion of two opposing principles, but is 
formed by the interplay of three mutually in¬ 
terdependent principles. 

Neither the electric, nor the magnetic, nor 
the gravitional forces exist in reality; they are 
merely concepts used to explain observed phe¬ 
nomena. An electron possesses the single 
property of ever-increasing motion; a proton 
possesses the tendency to absolute stillness; the 
third principle that seeks to unite the other two 
is as yet un-named, but determines the pheno¬ 
mena which our theories clumsily attempt to 
explain. And this view is not without historic 
precedent. 

Although it is reassuring to assume that men 
of antiquity were less intelligent than we are 
today, this assumption is not supported by 
investigation. The Bhagavad Gita, an ancient 
text, states that Nature is formed from three 
‘Gurus’ or principles, referred to as inertia, mo¬ 
tion, and harmony; even Christianity insists that 
God is a trinity. When scientists learn to in¬ 
terpret their observations as being the interplay 
of three principles and not two, they will not 
only have re-established a teaching that is thou¬ 
sands of years old, but will be well on the way to 
a truly scientific understanding of the Universe, 
instep of a merely mechanistic one. Einstein’s 
famous equation, E=mc^, is a relationship be¬ 
tween thrK concepts; truss, space, and time, 
and simply states that the tendency to infinite 
motion reaches an upper limit established by the 
balance between the principles. It does not state, 
as so many suppose, that “Nothing can travel 
faster than light”. If it be re-written in the form 
c^=E/m, then it is obvious that the limiting vela 
relationship between three concepts; mass, 
space, and time, and simply sutes that the ten- 
dancy to infinite motion reaches an upper limit 
established by the balance between the prin¬ 
ciples. It does not state, as so many suppose, 
that “Nothing can travel faster than light”. If it 
be re-written in the form c^=E/m, then it is 
obvious that the limiting velocity is determined 
by the ratio between ‘energy’ and ‘matter’, and 
t^t where this ratio is low, as in a piece of glass, 
the limiting velocity is lower than the ‘speed of 
light’, and where the ratio is 1^, as in in¬ 
terstellar space, the limiting velocity is higher. 

I hope that this letter, the first I have been 
encouraged to write to any journal, serves to 
stimulate vital discussion on ideas that are very 
much in need of a thorough research and res- 
utement. 

P.C^ 

Wellington 
New Zealand 


Our distribution division now supplies 
Electronic Test apd Measuring 
Instruments from Philips, Fluke, 
Hameg and ICE. Electronic Brokers 
Ltd, a company with many years 
excellent service to the industry, offer 
full technical support and 
demonstration facilities on the 
premises. All orders are despatched 
promptly from stock. Contact us for 
further information. 

(24 hour telephone answering service). 
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NOW In Birmingham - the centre of Industrial Britain... 

"Midland; 
^nyjuter 

Horn computing | 
m SmaU Imslness sj/stemu 

^ BinglQ^Hall, Birmingham, 


/Npril 28-30,1983 
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This exhibition is the ideal showcase for companies 
who need to demonstrate their products to the fast 
expanding market for home and personal 
computers, small business systems and associated 
software. When you consider that the markets for 
personal computers are regional and that 
Birmingham has a developing computer awareness 
with a great deal of computer expertise in the area, 
you'll appreciate the need for The Midland 
Computer Fair. The public has already 
demonstrated its appreciation of The Computer 
Fair In London by sheer volume of numbers. Wfe 
know the success will continue In Birmingham. 
Personal computers are part of everyday life. 

Make Sure Your Computer Products And Services 
Are Seen At The Midland Computer Fair. 


For the full story contart the Exhibitions Manager, 

The Midland Computer Fair, IPC Exhibitions Ltd, 

Surrey House, 1 Throwley Way Sutton, Surrey SMI 4QQ. 



Please contact me with further information about exhibiting at 
The Midland Computer Fair. 


L. 


Name 

Position in Company 


Company 


Address 

Tel 


MkUand 

/mputer 

fair 
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NEWS 


Seeing the light? 


Around 30 000 homes in a San Francisco 
suburb are to be wired with a 50:50 coax¬ 
ial/optical cable tv network costing only 
3% more than an entirely coaxial system 
by Commco Cable TV of Texas who have 
recently formed an Anglo-American part¬ 
nership. Using both aerial and un¬ 
derground cable routes, this $10m 
switched star system has optical fibre 
trunk-to-house links carrying only one sig¬ 
nal at a time so tv-converter costs are pos¬ 
sibly 10 times lower than they would be 
with a tree and branch network and 
switching circuits, being outside the home 
are said to be cheaper to maintain. Labour- 
intensive hole digging is avoided as the 
optical-fibre cables are thin enough to pass 
t^ugh existing ducts. 

Commco’s partnership with Cable and 
Wireless and Charterhouse Group pic, 
called Cable TV Construction, will start its 
life in the Birmingham area involved with 
planning and consultancy contracts. As the 
nam e implies, the company also plans to 
install networks in the future. 

A second recent Anglo-American part¬ 
nership, Cabletime, plans to offer a cheap 
cable tv system in the UK by the end of the 
year. Their system, a star network com¬ 
bining typically 85% optical-fibre cable 
with 15% coaxid, is based on one designed 
in America mainly for use with blocks of 
flats, each with their own distribution 
unit. But David Mann, managing director 
of Cabletime, emphasises “the system that 
we plan to offer in the UK is not the same 
as its US counterpart. Modifications make 
the switching imits and cable more suitable 
for outdoor use and we are uprating the 
system to comply with PAL requirements, 
probable UK standards on the number of 
channels for each home, and satellite 
broadcast interfaces. The network’s final 
form will depend on the requirements yet 
to be decided upon. All our equipment is 
to be made in ±e UK.” One arm of the 
company, Cabletime Installations, will 
manufacture robots for laying cables in 
sewers. Times Fiber Communications of 
America who formed Cabletime together 
Britain’s UEI group provided the system 
for Commco’s San Francisco installation. 

“If cable tv is to start soon, a system 
such as ours is the answer - if a wholly 
wideband optical-fibre system has to be 
used, Britain will have to wait another 10 
years,” adds Mr Mann. Many network- 
cost estimates for the UK are high, since 
they are based on prices for communica¬ 
tions systems using high-grade optical- 
fibre cables carrying fast signals over long 
distances. A star-switched system such as 
the one proposed by Cabletime would be 
far cheaper than one using only optical 


fibres and meet requirements so far 
outlined by the government for an initial 
20-year licence (tree and branch systems 
will probably receive 12-year licences). 
The government is likely to insist that 
cables be laid in ducts, paving the way for 
future improvements. 

In January, an agreement providing for 
the formation of a joint venture company 
in the UK - Plessey Scientific-Atlanta 
Ltd - was announced by Plessey’s chief 
executive. Sir John Clark. The new com¬ 
pany is to “exploit developing business 
opportunities for satellite and cable com- 
mimications in Western Europe”. In Sir 
John’s words, “With the joint resources of 
om: two companies, we shall be addressing 
the European satellite communications 
market which is set to take off with the 
launch of the ECSl satellite during 1983. 
Furthermore, it is clear that many govern¬ 


ments in Europe, including in particular 
our own, are seeldng to provide as rapidly 
as possible a national wide-band network 
finmeed from the public’s appetite for tv 
entertainment.” A second agreement be¬ 
tween the two companies gives Scientific 
Atlanta Inc. access to Plessey’s v.l.s.i., 
microwave device and optical-fibre techno¬ 
logies. 

Scientific Atlanu of Georgia in the US 
opened up a catalogue service called Cable- 
mart in November of 1982 that illustrates 
the type of business that cable tv has be¬ 
come in America. “Cablemart promises 
24-hour order processing of himdreds of 
cable tv products listed in its catalogue... 
customers can call in orders using a toll- 
free telephone number ... to hasten de¬ 
livery, in-stock items will be shipped 
within 24 hours,” reads the description. 

Among other companies involved with 
cable tv are GEC, who are to manufacture 
hardware; Racal, who have combined with 
Oak Industries of America to make both 
equipment and programmes (see News, 
October 1982), and Thom, who have set 


Wideband cable systems 


Terms of refererice used by the Ool 
technical working group chaired by Dr 
E. N. Eden to provide draft British Stan¬ 
dards for wideband cable systems read 
as follows: 

'To consider the specificatiorts neces¬ 
sary for the design and operation of 
wideband cable systems, in particular 
as respects the needs for cable systems 

- to be compatible with appropriate 
technical and service features of the 
networks operated by BT and Mer¬ 
cury 

- to have the capacity to provide in¬ 
teractive services 

- to comply with the requirements for 
the prevention of electro-magnetic 
interference laid down by the UK, 
the EC and the international speci¬ 
fications of the International Special 
Committee on Radio Interference 
(CIS PR) 

- to have some reserve capaci^ for 
which standards will be specified in 
the future (the level of spurious sig¬ 
nals for other services that may 
appear should be specified) 

and for existing tv receivers used for uhf 
reception to be capable of being iinked 
to the system (the properties of re¬ 
ceivers with other interface ports and of 
receivers equipped to take adaptors for 
the reception of transmissions from sa¬ 
tellites of direct broadcasting will also 
need to be taken into account). 

In considering these specifications 
the working group should take into ac-' 
count all the various types of services, 
including switched interactive services, 
that it can envisage as being provided in 
due course by wideband cable systems, 
with the exception of voice telephony, 
and where appropriate British Stan¬ 
dards do not exist it is asked to draft 


them. These standards should encom¬ 
pass the principal alternative configura¬ 
tions and technologies and the working 
group may therefore find it necessary to 
produce alternative standards for parti¬ 
cular services. 

The principal services that the Depart¬ 
ment can anticipate as being among the 
potential capability of wideband cable 
systems are 

- downstream video channels, where 
the Department wishes the working 
group to look towards 30 channels 
each with its associated sound and 
teletext data signals (a proportion of 
these should be capable of handling 
the features included in the stan¬ 
dards for direct broadcasting by sa¬ 
tellite, where appropriate with any 
necessary transcoding) 

- audio channels 

- at least one return video channel, 
with an associated sound capability, 
which may be used for a range of 
services 

- two-way data channels, some of 
which should have a signalling rate 
ofSOkbit/s. 

In the case of the latter two services the 
Department would wish the working 
group to produce standards that allow 
for a number of subscribers to have 
simultaneous access to those two-way 
services including viewphone. 

The working group is asked to 
produce drafts of the appropriate stan¬ 
dards on or about 1 March 1983 in such 
a form, using the guidance of BS0:1981 
wherever possible, that the British Stan¬ 
dards Institution may issue them for 
public consultation. An interim 
progress report should be submitted by 
1 October, 1982" 
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up a new company called Thom EMI 
Cable Television Services to coordinate 
their various interests in c.tv. These in¬ 
terests include receiver and decoder de¬ 
sign, the preparation of programme 
material and studio equipment. Operating 
experience from Radio Rentals Cable 
Television, who are currently m a n a g i n g 
services in Swindon and Medway, will also 
beusedby CTS. 

BT and its unions are opposed to the fast 
mmover, low-bandwidth approach and 
would rather that the UK embarked on a 
long-term project to provide a hi^-band- 
width national network with the potential 
to supply demands well into the future. 
There is a chance that independent and 
incompatible services could be dotted 
about the country if a free-for-all is 
allowed. BT has the experience and re¬ 
sources to lay such a network but their role 
in cable tv is not yet clear. 

Whether cheap hybrid systems may be 
applied in the UK hangs on requirements 
yet to be decided. A pending government 
White Paper discussing legislation to ena¬ 


ble cable tv authorities to be set up, fran¬ 
chises, etc., in response to the Himt report 
and results of the Eden inquiry due early 
in March are important factors. The Eden 
inquiry, which will be presented to BSI, 
will include draft technical specifications 
for the type of service to be provided (see 
Wideband cable systems). 

An attractive system is only the first 
hurdle - given the organ, providers must 
offer a viable service. UK trials have 
shown that American material can be very 
expensive and feature-film channels could 
run into difficulties as under 150 English- 
language films are produced each year (ex¬ 
cluding Indian films). Rediffusion’s Star- 
view film-channel service (see News, No¬ 
vember 1981) covers a potential 56 000 
viewers in five towns but according to re¬ 
cent figures only 9 000 of these have subs¬ 
cribed. In Hull, 22% of the potential 
audience use Starview whereas in Reading, 
only 6% have taken the service (these 
figures represent the highest and lowest 
percentages for the five towns). 


UK robot plant expands 


A UK company is to develop a new robot 
and supply western Europe with its parent 
company’s existing range as a result of a 
jointly funded £10m investment plan. 
Creating more than 250 jobs, Kenneth 
Baker, Minister for Information Tech¬ 
nology, said that the project “clearly gives 
the lie to any belief that robots simply take 
away jobs’’. The company concern^, Uni- 
mation Ltd, and its US parent are to pro¬ 
vide £6.5m towards the investment and 
financial support from the British Tech¬ 
nology Group and the Dol yet to be 
finalised is expected to provide the re¬ 
mainder. 

Announcing the plans, Mr Baker said: 
“The Unimation project is a major step 
forward in the government’s policy of en¬ 
couraging the esublishment of Britain as a 
major robot supplier ... the adoption of 
robots and other advanced manufacturing 


technology is not only vital to maintain our 
competitiveness in world markets and 
hence safeguard existing jobs, it can create 
new ones as well.” Unimation’s European 
base in Telford currendy employs around 
120 people. 

Part of the investment will be used to set 
up a systems engineering division to tailor 
robots for use in applicadons other than 
assembly tasks in the automotive industry 
which are currendy their mainstay. 

• Thom EMI are to manufacture a 
range of large-screen colour tv sets for JVC 
at their Enfield and Gosport plants but as 
the sets are constructed by robots, new 
jobs are not likely to be created by the 
planned deal in the near future. Five 
Thom sets from 20 to 26in will extend 
JVC’s colour tv range to ten sizes, starting 
at 6in. Production is expected to start in 
mid-1983. 



A Puma robot manipulating transmitting and receiving probes for ultrasonic inspection of 
carbon-fibre aircraft components. 


Charity buys school 
micros 

A comprehensive school with 1 500 pupils 
has been given a £16 000 microcomputer 
grant as a result of a report submitted to a 
local charity. The report, written by the 
school’s computer development advisory 
committee, recommended a computer 
classroom with at least one computer be¬ 
tween two pupils. Parents and teachers of 
the school formed the committee which 
includes members from Lanchester 
Polytechnic and Warwick University. 

As a residt of the committee’s concerted 
efforts and the Edwards Kenilworth 
School Giarity’s awareness of the prob¬ 
lems facing pupils and teachers, the school 
now has 27 computers. This is the first 
donation of its kind made by the charity, 
which covers all schools in the area. 

The grant has funded a 14-unit Nascom 
computer network, but the school also has 
380Z, BBC and ZX80 computers. When 
asked why such a variety of machines were 
bought, computer studies teacher Bill 
Nash replied, “To give the pupils a truer 
picture of the world of microcomputers.” 
Between one and three pupils in each class 
have their own microcomputer. 

Mr Nash said that during the school’s 
evaluation of computers for use in the net¬ 
work, Acorn Computers were not very 
helpful. He added that contrary to claims 
made for them, some of the computers 
looked at didn’t have a true networking 
facility. Lucas Logic, manufacturers of the 
Nascom, are based in the area. 

“To be fully equipped,” concludes Mr 
Nash, “we need another 15 computers to 
construct a computer-aided learning 
laboratory” — and they have been lucky. 


More money for 
fibre development 

Under a joint opto-electronic research 
scheme set up by the Dol and Science and 
Engineering Research Council, £15m will 
be available to support collaborative re¬ 
search projects between industry and uni¬ 
versities. Project work will be shared 
equally between the parmers, companies 
receiving up to 50% grants from the Dol 
and universities receiving up to 100% 
SERC awards. The joint opto-electronics 
research scheme is expected to run for five 
years. 

The Dol also aimoimce a £15m boost to 
the £25m set aside in 1981 under the fibre- 
optic scheme, £20m of which has already 
b^n used for grants covering up to a third 
of the costs involved in designing, de¬ 
veloping and launching new fibre-optic 
products, including equipment and new 
building expenses. 
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Satellite to observe Halley 


European Space Agency and British Aero¬ 
space have designed a £34in contract for 
the Giotto spacecraft, Europe’s first deep 
space probe, which is to intercept Halley’s 
comet eight months after its launch 
scheduled for July 1985. Russian and Japa¬ 
nese satellites will also observe Halley but 


Giotto will carry the most advanced instru¬ 
mentation and pass closest to the comet. 
Instruments will investigate the chemical 
composition of the comet’s coma region, 
take colour photographs of the nucleus and 
measure magnetic fields. 



One of the earliest known illustrations of Halley's comet is from the Bayeux tapestry 
depicting events leading up to the Battle of Hastings, and the battle itself. This 
section of the tapestry was sent to us by Rainford Racks who are to supply ground- 


15Gbit recordable laser disc 


Laser discs that can be used to record both 
analogue and digital signals at high densi¬ 
ties have been developed by Sony. Densi¬ 
ties of 15x 10’ bits per side on a 300nun- 


diameter disc arc claimed for the prototype 
system and although this achievement 
represents a significant step towards the 
optical equivalent of magnetic media, the 



Mac overseas 

On January 24-25, tv pictures with multi¬ 
channel sound were sent via OTS to 
Stockholm in the first demonstration 
outside the UK of the IBA’s Mac system 
for satellite-tv broadcasting. C-Mac’s abil¬ 
ity to provide eight sound channels will be 
of particular interest in Scandinavia due to 
the number of different languages spoken 
in countries likely to be covered by a Nor¬ 
dic direct-broadcast satellite service. 

Apart from its acceptance by the BBC, 
Mac has had another recent boost in that it 
is to be used by a third US company. This 
latest patent-licensing agreement with the 
United States Satellite Broadcasting Cor¬ 
poration is the first to be concluded since 
the Part repon. 


Optical fibres sink 

Britain’s first undersea optical-fibre cable 
carrying telephone calls 25km across the 
Solent linking Portsmouth and Ryde is to 
be installed by 1985. BT say that the 
140Mbit/s cable, supplied by STC, costs 
£600 000 and will carry “a variety of in¬ 
formation technology services” as well as 
speech. 

Negotiations between telecommuni¬ 
cations authorities in the UK, Holland, 
Germany and Belgium for a European op¬ 
tical-fibre link are underway. An agree¬ 
ment is expected this year. 


last hurdle - that of disc erasure - is yet 
to be crossed. But because of its high 
recording density Sony’s disc is likely to be 
attractive, especially in archiving applica¬ 
tions. 

Each disc surface has two layers evapo¬ 
rated onto it. When recordi^, a mod¬ 
ulated laser beam of less than 7mW 
changes ‘bits’ of the upper recording sur¬ 
face from an amorphous to a crystalline 
state. Areas heated to 170“ by the beam 
have three times the reflectivity of the un¬ 
touched amorphous areas, and infonnation 
on the disc represented by the reflectivity 
of crystalline and amorphous areas is read 
in the same way as a conventional optical 
video disc. The recording layer is a film of 
antimony-selenide. 

A second layer of bismuth-telluride un¬ 
derneath the recording layer provides a 
reflective surface behind crystalline areas 
to increase the difference between reflec¬ 
tive and non-reflective areas, but more 
important it absorbs heat from the User 
during recording to increase the definition 
of transitions between amorphous and 
crystalline areas. This means that the 
lengths of reflective and non-reflective 
areas can be accurately defined, facilitating 
analogue recording. 
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Mastering metals for mothers 


A licensing agreement to manufacture 
records using a metal mastering process 
has been signed by EMI Music, holding 
company for EMIs international record 
interests. The new process eliminates sev¬ 
eral steps in the record-making chain, 
allowing a record master to be cut directly 
into copper thus producing a positive- 
image “mother”. Direct metal-mastered 
records, which will carry a DMM logo, 
cost no more than normal pressings but 
can be made in about two hours as opposed 
to about a day with conventional discs. 
Audibly, the new discs claim to virtually 
eliminate surface clicks and pops, increase 
signal-to-noise ratio by up to 10^, allow 
up to 15% more playing time per side, and 
eliminate the pre and post-echo associated 
with lacquer spiingback. 

There are well-known difficulties with 
traditional nitro-cellulose lacquer blanks. 
Though it is ideal for cutting it is an unsta¬ 
ble material in that it changes with both 
climatic conditions and time. It is also 
adversly affected by stylus heat and by 
burnishing facets, lx>th of which are im¬ 
portant for good groove-wall structure. 
There are problems of groove tearing, 
horn formation and of plastic deformation 
in the lacquer material, which results in 
the well-known phenomenon of spring- 
bock of the engraved groove (both time 
and temperature dependant). Then there 
are severe demands placed on the next step 
- nickel pre-plating onto a silver conduc¬ 
tive coating. It must be extremely thin, its 
metallurgical structure fine-grained, and it 
must not contain impurities. The cleaning 
process should not attack the lacquer sur¬ 
face and the activation or sensitizing 
process must produce even deposition of 
silver atoms. 

According to its developers, Teldec in 
Berlin, the new process eliminates all three 
problems by circumventing those steps. 



Teldec curves show that new direct metal 
mastering audibly reduces background noise 
(measured by third-octave filter). Reference 
level measurement corresponded to a recorded 
velocity of lOcmJsfor one groove wall. Curve 
A shows the background noise of rumble test 
record DIN 45544, and B shows the same 
measurement with the DMM record TP467. 



which may appear in the plating steps en route 
to the stamper. Process gives a significant time 
economy in the plants process, especially 
when making a stamper directly. 

First proposed over 90 years ago and re¬ 
cently revived by RCA for capacitance 
video discs (see page 39, September 1981), 
the direct cutting into metal means that the 
cutting lathe produces the mother (metal 
positive) for ffie plating process. But the 
demands on the video disc manufacturing 
process were small by comparison, as in¬ 
deed are the groove dimensions: depth is 
1)^ and width 2|mi (not 2mm as 
misprinted in that article), with a modula¬ 
tion depth of only tens of nanometres. 

But the electrolytically-produced copper 
coating is not readily applicable to conven¬ 
tional records. As the cross-section of the 
groove is 100 times larger than that cut 
from videodiscs its ductility and elasticity 
must be right; the copper coating needs an 
amorphous rather than the crystalline 
structm^ of pure electrolytic copper. 
Equipment for producing the copper 
bl^ developed in conjuction with Euro- 
pafilm of Sweden deposits the copper onto 
the 0.8mm-thick stWless steel substrate, 
and may be immediately used when cut as 
the moffier in the plating process. 

This metal cutting blank provides a 
higher resistance to the cutting stylus than 
does the traditional lacquer blank. To re¬ 
duce cutting resistance three measures 


have been applied. Unusually, the dia-' 
mond cutting stylus has no burnishing fa¬ 
cets. This means that the innermost mms 
of the groove show no amplimde losses, 
even when'cutting at the highest frequen¬ 
cies. Secondly, the face angle of the dia¬ 
mond stylus is greater than 90®. The sum 
of the face and stylus angles is chosen so 
that for the maximum groove excursion 
there still remains sufficient space between 
the groove walls and the back of the stylus. 
And thirdly, the cutting stylus is excited at 
an ultrasonic frequency whose amplimde 
increases with increasing groove depth, 
where cutting resistance is greater. This 
results in an extremely smooth groove wall 
and keeps the mech^cal loading of the 
cutterhead - a Neumann SX80CM - and 
the resulting electrical power demand 
within reason. 

Experience up till now has shown that 
the stampers from the new masters are 
“entirely free” of ticks and pops and the 
surface noise is diminished more than 10 
dB, against a mother made from lacquer 
blank. For carefully pressed records, this 
can extend all the way to the final product. 
Background noise of ±e final disc shows 
fewer impulse-type disturbances compared 
to traditionally produced l.ps, and Teldec 
say unwanted high frequency components 

are significantly reduced. 

The elimination of lacquer springback 
eliminates pre and post-groove echo. It is 
therefore possible to reduce the groove-to- 
groove spacing and to fully utilize pitch 
control methods. With the Neumann 
VMS80 tape-to-disc transfer system the 
result is 10 to 15% more playing time per 
record side. Elimination of groove defor¬ 
mation during or after the cutting process 
has provided A/B comparisons between 
discs cut in lacquer and the new masters 
which show improved transient behaviour, 
and Teldec say that instruments rich in 
upper harmonics and sibilant voices are 
particularly free of coloration. 

Initial manufacturing experience has 
confirmed Teldec’s original assumption — 
that manufacturing reliability will be much 
higher than through the use of traditional 
technology. After conversion to the new 
process the number of recuts necessitated 
either in the cutting or plating process 
were reduced “drastically.” 

But despite this, and significant savings 
in the plating process particularly for 
short-run classical recordings, the price of 
DMM records will not be lower, though an 
EMI spokesman did concede that some 
increases may be circumvented. According 
to the BPI, manufacturing costs are but a 
small fraction of the selling price of 
records, typically 38 pence in £4.39, and 
the new process will only bring about small 
savings in that fraction. EMI say they will 
introduce the process in its Koln pressing 
plant in about six months time, and in its 
other main plants by early 1984. Until then 
EMI’s initial releases be pressed by 
Teldec in Germany. 
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Floppy-disc drive tester 

All major fimctions on a standard SViin 
mini-floppy disc drive are tested by this 
circuit without the aid of a computer. 
Using the box with an alignment disc 
allows the read/write head to be accurately 
with the disc. As the connections 
on the drives shown are standard, logic 
signals and power come out on two plugs. 
There are four inputs to the box from the 
drive, _ 

- write protect (WP) 

- track 0(TROO) 

- index, signal showing each revoluaon 
of drive 

- read data, data output from disc. 

Inputs simply light leds through cmos buf¬ 
fers to show conditions of the various sig¬ 
nals. Outputs from the test umt to the 
drive are almost all switch closures, 

- drive selects, DSi, DS2 and DS3, set up 
code to select drive unit 

- motor, switches on drive motor 

- direction, selects step in or step out of 
read/write head 

- step, pulse that steps head in our out 


(depending upon condition of direction 
signal) 

- write gate, low for write enable, high 
for read enable 

- write data, does not write any useful 
date to the drive but produces a digital 
pulse train used for tracing through 
disc circuitry. 

S. J. Evans 

Cradley Heath 

West Midlands 


Low-cost 3-digit 
common-cathode d.v.m. 

The three-digit common-anode d.v.m. 
based on CA3162E & CA3161E integrated 
circuits from RCA is well known; the 
CA3162E is a multiplexed a-d converter, 
and the CA3161E is a simple b.c.d.-to- 
seven-segment common-anode display de- 
coder/driver, with integral segment-cur¬ 
rent limi ters. For a d.v.m. with common- 
cathode display (like most of pocket cal¬ 


culator led displays), you can’t use the 
CA3161E; it must be substituted by 
another display decoder/driver i.c. The 
MC14511B is a cmos b.c.d.-to-seven-seg- 
ment common-cathode display decoder/- 
driver, but without segment-current 
limi ters that must be added extemaUy. A 
lOkfl pull-up resistor must be added to 
each 14511 b.c.d. input to operate cor¬ 
rectly with the CA3162E. 

The switch selects the sample rate. In 
the 4Hz position (pin 6 to ground) a 
sam ple is taken every 0.25 second; in the 
%Hz position (pin 6 to -1-5 V) a sample is 
taken every 0.01 second (approximately); 
and in the hold position (pin 6 to -1-2.5 V) 
the display is frozen. 

Calibration should be as follows. Firstly, 
connect the input to ground. The 47kn 
preset potentiometer is then adjusted so 
that the display reads 000. Now, an accu¬ 
rate known voltage of, for example, 800 
mV is connected to the input, after which 
the lOkfl preset potentiometer is adjusted 
to give the correct display of 800. The 
range is -99 to -f-999 mV. However, the 


Amphenol 4-pin 
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MC14S11B is not able to display the 
(minus) and the “E” (overload) characters. 
With negative input signals the most signi¬ 
ficant digit will be blanked, and with 
overrange input signals all digits will be 
blanked. ' 

Francisco J. Herrero 

Soria 

Spain 


Improving the 7134 
d-to-a for audio use 

The Intersil 7134 14-bit d-to-a converter is 
designed for a unipolar, + lOV, or bipolar, 
±10V, output range depending on 
whether the m.s.b. of its R-2R ladder is 
fed from V^f direcdy or through an 
inverter. It provides two resistors for use 
with an external inverter and the 7134B is 
programmed to correct for any error in the 
resistor ratio. Unfortunately an offset 


voltage at either of the op-amps causes an 
abrupt step at zero crossover, just where it 
matters most for many digital audio appli¬ 
cations, and maintaining 14-bit linearity 
requires offsets below lOOpV. A more 
satisfactory way of obtaining bipolar 
operation is to use the 7134U and offset the 
output by —ViVref. Normally this would 
require a second op-amp in the signal path, 
but the internal resistor values turn out to 
be exactly 2R. Used with an op-amp as 
shown they provide an offset current 
which accurately matches the internal 
feedback resistor in value and temperature 
coefficient. Offset voltages on either op- 
amp now result in only d.c. shift, with no 
effect on linearity. 

P. J. Skirrow 
Lindos Electronics 
Woodbridge 
Suffolk 


Darlington difficulty 

The Darlington transistor configuration 
has proved its worth in many designs but 
budding engineers can be caught out by 
overlooking one of its basic parameters — 
no matter how hard the first transistor of 
the pair is driven, VcEsat will never be less 
than 0.7 volt (VcEmti+VaEr)* important 
when the Darlington is used to turn off 
transistors in logic circuits or as a power 
switch. 

Extra power consumed by the device 
because of the voltage drop is also often 
overlooked. For example, a 600mW device 
would be working close to its maximum 
dissipation rating with a collector current 
of only 800mA. Both problems are 
overcome by using separate transistors. 

D. Gray 

Todley 

Hants 
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Joystick interface 

Conventional joysticks use either two ex¬ 
pensive a-to-d converters with three-state 
outputs and good resolution in microse¬ 
conds or include cheaper, slower convert¬ 
ers with limited resolution. This interface 
offers the best of both des^ns with SOOps 
conversion time: if speed is important, a 
ZN427E a-to-d converter may be used. 
The circuit shown uses port B of a 6522 
v.i.a. with CBi and CB 2 acting as input 
and output lines respectively. But any 
p.i.a. or v.i.a. with more than nine inputs 
and one output may be used. 

On power up the clear input of IC5 is 
held low for around 100 ms to give Q =0 
and Q =1 so there is no potential drop 
across the horizontal-axis potentiometer 
and the non-inverting input of IC4 
sents the vertical potentiometer position. 
Diodes connected in series with the poten¬ 
tiometer wipers block the ground path. 

To start conversion, CB 2 is pulsed to 
OV. The falling edge of this pulse sets the 
coimter of IC 3 to zero and sets the status 
line (CBi) and the output of IC 2 high while 
the rising edge starts the clock, ICu, 
which runs at aroimd 200kHz. When the 
output of ICj exceeds the output of 1.3- 
gain buffer, IC 4 , the output of IC 2 returns 
to zero and through gating by ICu,b,d> 
clock pulses to IC 3 are inhibited and the 
status line returns to zero. The digital out¬ 
put of IC 3 now represents the vertical-po¬ 
tentiometer position. 

When the clock input of IC 5 receives a 
falling edge from the status line, the i.c. 
outputs change to Q=1 and Q=0. Now, 


triggering the a-to-d will result in conver¬ 
sion of the horizontal potentiometer repre¬ 
sentation at the output of IC 4 to digital 
form and IC 5 reverting to its original state. 
Thus the same routine used twice gives x 
and y coordinates of the joystick. 

The Atom-Basic list shown reads and 
displays the control settings but machine 
code will probably be required in practice. 
For other computers, v.i.a. base address 
B800 will need changing. Query operator, 
?, achieves peek or poke depending on its 
context. Program actions are 
Line Action 

5 set B port as 8 input lines 

10-40 control loop 

150 set and reset converter (B80C is 

PCR controlling CB 2 through 
bit5;set=224,reset=192) 

160 loop until CBi is low (B80D is 
interrupt flag register; bit 4 
indicates negative transition on 
CBi; other bits are zero and bit 
4 set to zero when B port is 
read. 

170 return to control loop 

If the microcomputer only has a positive 

supply, the 7660 circuit may be added to 

provide —5 V for IC 2 , 4 - 

D. C. Grindrod 

Sutton Coldfield 

West Midlands 


5 ?#B802=0 
10 DO 

20 GOS.150;X=?#B800; 

GOS.150;X=?#B800 
30 PRINTX,Y 


40 UNTILO 

150 ?#B80C=192; ?#B80C=224 
160 DO;UNTIL?#B80D>0 
170 RETURN 


Simple clock doubler 

I have used this frequency doubler on 
numerous occasions to generate high rate 
clock pulses around spare gates/inverters 
left on circuits. 

D.J. Greenland 
Bar Hill 
Cambridge 
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Some problems of 
aerials at sea 


Many marine radio installations are far from competently carried out. More photographic 
evidence is presented 


Fig. 1. Popular mast or cage aerial. 


Fig. 4 . The main transmitter. 

WIRELESS WORLD MARCH 1983 


In the September 1982 issue of WW I 
discussed the merits of a variety of mer¬ 
chant ship transmitting aerials from a theo¬ 
retical point of view. In this article, I pro¬ 
pose to show some of the problems which 
have been experienced wi± a fairly typical 
aerial installation and the transmitters 
which it serves, adding a word, wherever 
possible, on what might be done to bring 
about improvement. Most of the equip¬ 
ment depicted dates from the late 1960s - 


by J. J. Wiseman 


early 1970s, but this is what hundreds of 
ships at sea still depend on. There is no 
reason to believe that more recently manu¬ 
factured installations, with all their ics and 
digital readouts, work any better. 

The two aerids in question are shown in 
Fig 1. The ‘main’ aerial is a popular mast 
or cage type, widely used on ships of many 
nationalities. Height from base to tip of the 
whip is 16.2 metres; height from base to 
top of the cage is lO.S metres; and no minal 
capacity is 400 pF. The central support is a 
hollow, tepered, tube of glass fibre, which 
deteriorates with age, esprcially out-of- 
doors, the surface becoming crazed as 
water seeps in. The other aerial (reserve) is 
a rather short piece wire of the “It’ll be aU 
right if it ends in a whip” school. Its capa¬ 
city I estimate as less than 100 pF, and its 
usefulness as ‘emergency’ aerial as doubt¬ 
ful - it is far too short and the two aerials 


are so close together that any catastrophe 
befalling one of them is likely to damage 
the other as well. Note how both these 
aerials are rak^, indicative of ship¬ 
builders’ obsession with style over func¬ 
tion. Figures 2 and 3 show the feedthrough 
arrangements for mast and wire aerials 
respectively. 

Rrst problem: 

The main transmitter, (Fig 4), delivers 400 
watts on 500 kHz and 6 other frequencies 
in the band 410/512 kHz. It has ample 
tank-circuit loading/tuning adjustment 
and can put lOA up the mast aerial, still 
delivering 2 to 5A in wet and humid 
weather. Radiated power under these con¬ 
ditions may be down to 50 watts, still quite 
useful and not unusual. However, in hot 
dry climates, less than half maTimnm 
power can be realised due to severe arcing 
to groimd in the aerial switching unit, in 
Fig 5. This indicates insufficient aerial 
capacity: if that caimot be increased, then 
it is still possible to distribute tank-circuit 
inductance between transmitter and aerial 
by means of loading coils in the aerial. 


of the fibre-glass 
supporting pole of the mast aerial is aiso 
the feed-through insulator. The ring at the 
bottom is a rain-cone. 


Fig. 3. Feed through insulator of 
emergency aerial. 




















Fig. 5 . Arcing from frame to switch 
interconnecting wire, top centre. The round 
objects, left and right hand sides, are neon 
bulbs. 


ng. 12. British Flag. B. 1974. Short receiving 
whip, long co-ax., no impedance matching 
transformer. 


Fig. 13. Matching transformer on receiving 
whip greatly improves 500 khz reception. 


tuning available is to listen for an increase 
of signal strength in the receiver. Since 
only a vague and shallow dip is obtained, 
and there is no overload trip or power 
reduction, the anode of the very small 
valve glows red-hot, threatening self des¬ 
truction. When the ship is pitching, list¬ 
ing, sinking , or on fire, that is not a good 
time to be pulUng the transmitter out of 
the rack, screw-driver in hand, fiddling 
with the internal coupling, which in any 
case proves quite inadequate when the Q 
of the tank circuit is at the mercy of the 
vagaries of the weather. 

This equipment has been Post Office 
approved in its country of origin, and sur¬ 
veyed and passed, year after year. This 
bdng ‘Holy Writ’, it is useless to com- 


Flg. 10. Emergency transmitter with much 
better facilities. 


Fig. 11. British Flag, 6925g.r.t, Built 1974. 
Photographed in Gulf of Aqaba, October 
1982. Mast aerial struck by lightning. 

rotary convener, from the bank of bat¬ 
teries giving 24V, 180A seen in Fig. 8, and 
is all one has to depend on if the main 
transmitter or the power mains fail. It 
lacks: external coupling adjustment; 
overload trip; power reduction switch; 
metering of any kind; external h.t. fuse. 
The panel has a meter-shaped hole cut in it 
(arrowed), but this is occupied by a neon 
bulb capacitively coupled to the tank coil 
by means of a piece of stiff wire close to the 
coil. This is the only tuning indicator pro¬ 
vided. Internal adjustment of couplii^ is 
available (Fig. 9). The 70 watts is squeezed 
out of a very small valve seen at the bottom 
l.h. comer of the photograph. If the 
weather is even slightly humid, the neon 
bulb fails to light. Then the only means of 


Fig. 8. The emergency radio batteries. 


Fig. 9. (1) P.a. valve (2) Coupling 
adjustment (3) Neon tuning indicator. 


Fig. 8. German mast aerial with loading 
coil. 


Fig. 7. 70 Watt emergency transmitter. 


shown in Fig 6. (Some old ships actually 
had large loading coils built into the rack 
- never seen these days.) The same 
transmitter delivers up to 14W watts h.f., 
but no arcing problems occiu:; aerial capa¬ 
city is always very large by the require¬ 
ments of h.f. tuned circuits, or the aerial is 
operating in other modes, near 0.25 wave¬ 
length or mtdtiples thereof. This is exclusi¬ 
vely a 500 kHz problem - power radiated 
is critically dependent on the weather. Is it 
an aerial or a barometer? 

Second problem 

The reserve or ‘emergency’ transmitter in 
Fig. 7 dehvers a nominal 70 watts, at 500 
kHz and six other frequencies in the band 
410/512 kHz only. It is powered, via a 
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plain, because, “It passed siurey”. To 
those who claim that you can ‘bum off 
moisture on aerial insulators by holding 
the key do^, I would point out that: 
there has to be enough energy available to 
vaporise a lot of water, and there isn’t; if 
the key is held down, the p.a. valve Wl 
melt! (just as well the p.a. isn’t transisto¬ 
rized!); the dielectric properties of humid 
air seem to play a part. No output or dip 
whatsoever can be obtained with the “re¬ 
serve’’ aerial connected during wet or 
htunid weather. 

A far better emergency transmitter is 
shown in Fig 10. It has: ample tank tun¬ 
ing/coupling adjustment; metering of five 
fimcdons, including aerial current and p.a. 
cathode cturent; overload trip; four very 
robust valves in parallel in the p.a. stage, 
the drive and power supply being all tran- 
sistorized; power reduction switch; 
numbered controls, which, in conjunction 
with the instmcdon card enable the 
transmitter to be put into operadon by 


unskilled personnel in an emergency, and 
automadcally to key an alarm signal and 
distress call. But sdll, a too-short, low- 
capacity, high-leakage aerial and severe, 
weather, even this has been known to fail. 
The aer^ is all important. An h.f. capabil¬ 
ity for emergency transmitters would be 
very useful. 


Third problem 

This is the ultimate problem. The mast 
aerial of this Bridsh ship has been struck 
by lightning, and it is laying on deck with 
its whip dp burned right off. A tradidonal 
long wire aerial has had to be rigged. The 
aerial switching unit was also destroyed. 
Benjamin Franklin would not have been 
surprised. 


Fourth problem 

This concerns receiving aerials. The whip 
aerial (Fig. 12) is quite short and is 


mounted next to the radar scaimer. Where 
it is likely to pick up noise from the mod¬ 
ulator pulses and scanner motor commuta¬ 
tor. It has a very long run of coax, and no 
impedance matching is attempted, so that 
sig^s at SOO kHz are very much atte¬ 
nuated. (There is a naive belief in 
shipyards that coax, is a magical electrical 
‘water pipe’.) If the aerial is mounted near 
the bow to isolate it from the transmitting 
aerials, then a short receiving whip may 
have an unmatched coax, run exceeding 
100 metres. InefGcient transmitting aerials 
plus inefficient receiving aerials makes for 
poor communicadon at 500 kHz. Figiu% 3 
shows a simple matching transformer on a 
SOO kHz Auto-Alarm receiving whip. 
Broad-band transformers are available, but 
seldom seen. 

A more professional approach to design 
of ships’ radio installadons will be needed 
if the unique properdes of 500 kHz as a 
marine distress frequency are to be realised 
fully. 


continued from page 32 


transform from standard tables is 


=(l-l-ST)Eouf In use, the gain A is ad¬ 
justed to give the fastest response without 
overshoot, i.e. the circuit is cridcally 
damped. Hence the denominator of the 
above expression can be factored to give a 
squared term: 


E„u.=^ 


where a=TR(C-l-Cf). The inverse 


Eout=E{ 1 -(1 -l-t/a)exp(-t/a)} 

The rise time of this funcdon is governed 
by the value of oc(it can be found graphic 
ally to be approximately 3.4«:). The rise 
time of the original input circuit is 2.2RC. 
Comparison of the two values shows that 
for the greatest improvement by neutrali- 
zadon Q should not be unduly large, and 
the amplifier time constant t should be as 
small as possible. 
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continued from page 43 
what one would expect. 

It appears that after the switch was 
closed, some electromagnedc energy must 
have started off to the left, away from the 
now closed switch; bounced off the open 
circuit at A, and then returned all the way 
back to the switch B and beyond. 

This paradox, that when the switches 
ace closed, electromagnetic energy 
prompdy rushes away from the path sud¬ 
denly made available, is understandable if 
one postulates that a steady charged capa¬ 
citor AB is not steady at all; it contains 
electromagnetic energy, half of it travelling 
to the right at the speed of light, and the 
other half travelling to the left at the speed 
of light. 

Now it becomes obvious that when the 
switches are closed, the rightwards travel¬ 
ling electromagnetic energy will exit down 
BC first, immediately followed by the 
leftwards travelling electromagnetic 
energy after it has bounced off the open 
circuit at A. Even before the switches were 
closed, every segment of electric field had 
coexisting with it a segment of magnetic 
field at right angles, and both were travel¬ 
ling together at the speed of light. 



L 


-O L 

(d) 

Fig 3. Pulse generator (a). Changing AB to 
10Vand closing switches produces 5V 
pulse twice as long asAB <c) and (d), 
caused by left and right travelling pulses 
following down line BC. 

What is true of a ‘steady’ charged capa¬ 
citor or coax, cable is also true of a pair of 
wires connected to the battery. Before clo¬ 
sure of the switches, electromagnetic (not 
electric) energy was oscillating to and fro 
between battery and Switches. Since the 
same amount travelled in both directions, 
the magnetic fields being equal and oppo¬ 


site cancelled, and only an electric field 
could be detected. ‘Waves in space’ existed 
between these two wires long before the 
switches were closed and before the capaci¬ 
tor came into the picture. 


Thesuthor 

In 19S$, at the age of 17, Ivor Catt won a 
State Scholarship in mathematics. In 
: 1959 he gained a 8. A. in engineering at 
Trinity College, Cambridge. He is 
married with four children ranging in 
age from 22 down to 1. 

Ivor Can's 25 year career has been 
mostly in R&O in industry but partly in 
teaching. His field of experience is 
centred on computer hardware design, 
for instance at Ferranti (nowl.C.L) 
Manchester, and on microelectronics, 
for instance at Motorola. Phoenix, 
Arizona. 

Can's second field of research, which 
resulted from his experience spanning 
both microelectronics and computer 
hardware, led to his patented 
Inventions in Wafer Scale Integration 
and computer architecture, described In 
the July 1981 Wireiet^World. 
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A.m. stereo standards 

The difficulties of obtaining international 
or Europ)ean agreement on broadcast 
transmission standards are well-known, 
but they begin to pale into insignificance 
beside the dog-fi^t in the USA over 
which system to use for a.m. stereo broad¬ 
casting on the medium-wave band. Fol¬ 
lowing several years of technical investiga¬ 
tions and field trials, the FCC decided 
early in 1982 that the choice between six 
competing systems - Motorola “C- 
QUAM”; Magnavox AM-PM; Harris V- 
CPM; the Kahn/Hazeltine independent- 
sideband system; the Belar a.m.-f.m. 
system; and the Fisher DPC system — 
would have to be left to “the market 
place.” This process is made infinitely 
more difficult by American anti-trust legis¬ 
lation which makes it impossible for any 
organization, or group of broadcasters or 
manufacturers to take responsibility for 
agreeing with others to adopt a particular 
system. Even in a city having half-a-dozen 
a.m. broadcast stations, each is expected to 
make up its own mind regardless of what 
the others intend to do. Since the systems 
are, at least to a considerable degree, non¬ 
compatible, this would create a situation 
where a listener might receive stereo from 
only one station. 

The FCC technical assessment of the 
four systems, issued on March 18, 1982, 
generally appeared to favour the Harris 
system, particularly in view of the future 
use of synchronous-detector technology, 
stating; “Of the five proposed systems, the 
Harris is the only one which can make full 
use of this technology . . . and has the 
potential to evolve into an even better 
system.” 

Nevertheless in the FCC evaluation, the 
Magnavox system scored 76 points; Harris 
72; Motorola 71; Kahn 65; and Belar 58, 
tal^g into account monophonic compati¬ 
bility, interference characteristics, cove¬ 
rage, transmitter stereo performance and 
receiver stereo performance. 

Since March 1982 there has been vir¬ 
tually a stalemate, with most broadcasters 
waiting for others to see which way the 
wind will blow. However, in December 
1982 the Delco Electronics division of 
General Motors announced that it was 
recommending for GM cars the Motorola 
system. This system amplitude modulates 
two r.f. carriers that are separated in phase 
by 90®, but uses non-linear hard limiting to 
achieve a better degree of compatibility. 

The Delco recommendation, because of 
the firm’s prominence in the car radio in¬ 
dustry, is seen as a major boost for the 
Motorola system. It followed bench and 
field tests carried at station WIRE, India¬ 


napolis, on three of the four still contend¬ 
ing systems: Motorola, Harris and Magna¬ 
vox. Leonard Kahn, originator of the 
i.s.b. system, declined to participate. At 
NAB1982 he made it clear that he would 
be prepared to challenge in the courts any 
possible breach of the anti-trust legis¬ 
lation. It remains to be seen whether other 
radio manufacturers and broadcasters will 
jiunp on the Motorola bandwagon or 
whether the struggle between linear and 
non-linear systems will continue. 

A “market place” choice may seem a 
good idea in theory. The buyer pays his 
money and takes his choice. But in a mat¬ 
ter as complex as a stereo transmission 
system, where consumers are not even in¬ 
terested in such questions as coverage and 
interference, provided that they can hear 
the stations they want to hear with some 
sort of stereo effect, this is sinely a curious 
way of choosing a system that may have to 
last the American public for many years to 
come. 


Places at risk 

Communications and broadcasting instal¬ 
lations have always been regarded as places 
at risk in the event of civil disobedience, 
revolutionary coups and ±e like. The first 
news of such happenings often emerges 
when a takeover brings strange new voices 
to the microphones. World War I was 
started by an assassination in Sarajevo but 
the first shots in World War 2 were fired 
when the Germans, using concentration 
camp prisoners dressed in Polish uni¬ 
forms, staged a mock coup on one of their 
own radio stations close to the Polish fron- 

A story which is virtually unknown in 
the UK comes from a book published 
some years ago to mark 50 years of Japa¬ 
nese broadcasting, produced by the 
“History Compilation Room” of NHK’s 
Radio and TV Culture Research Institute. 
In the period immediately following the 
Japanese surrender in August 1945 there 
were several attacks on broadcasting sta¬ 
tions. For instance, on the morning of 
August 24, a group of former Japanese 
soldiers, under the cover of a severe rains¬ 
torm, attacked the Kawaguchi site of the 
main Tokyo transmitting station “trying to 
force the station officials to broadcast a 
message urging continuation of the war” 
(which had cost over three million Japa¬ 
nese lives). They interrupted the regtUar 
programmes for nine hours. 

Two days later, a group of 40 former 
soldien and what the book calls “rightists” 
attacked the Matsue station in western Ja- 
{kul but “they also failed in trying to touse 


support for a continuation of the war.” It 
could thus be argued, I suppose, that 
World War 2 both started and ended with 
attacks on radio stations! 

Centralized broadcast and telecommtmi- 
cations facilities are still clearly recognized 
as being at risk — as wimess the closing for 
so many years of what was planned as a 
major London tourist attraction: the pub¬ 
lic observation galleries of the Post Office 
Tower. 


Radiation hazards 

The possible effects of a different type of 
hazard occurred to me last year when I 
made the ritual trip to the very top of the 
Empire State Building in New York. 
Looking out of the glass windows one 
seemed very close to some of the many 
broadcasting aerials that adorn the build¬ 
ing. I began to wonder just what levels a 
field strength meter might have revealed, 
particularly when compared to the guide¬ 
lines in the new American “ANSI 
C95.1-1982 American National Standard 
Safety Levels with respect to hmnan expo¬ 
sure to radio frequency electromagnetic 
fields.” This recognises that it is prudent 
to restrict exposure, on frequencies be¬ 
tween 30 and 300MHz, to power densities 
of less than ImW/cm^ rather than the older 
limit of lOmW/cm^ (the current British 
figure). ANSI now recognises that non-io¬ 
nizing radiation at some frequencies is po¬ 
tentially more hazardous than at others. 
Below 3MHz the guide limit increases to 
lOOmW/cm^ and above 1500MHz to 
5mW/cm^; between 300 and 1500MHz it is 
f/300 and between 300 and 1500MHz f/300 
where f is in MHz. The ANSI standard, 
however, admits some important exclu¬ 
sions to these figures; for example for 
hand-held, mobile and marine transmitters 
which can produce strong localized fields 
but tend to result in lower overall body 
absorption the guide figures do not apply 
below 1 GHz for transmitters with less 
than 7 watts r.f. output. The ANSI stan¬ 
dard is quite a complex document but 
clearly deserves careful study in the U.K. 


Consumers and EMC 

A few years ago the susceptibility of so 
much consmner electronics equipment in 
homes and cars to strong out-of-band r.f. 
fields was of concern mainly to the 30,000 
or so UK radio amateurs. Today there are 
not only the 350,000-plus CB transmitters 
to take into account but also the many 
consumer digital-type systems and 
electrbnic devices such as semiconductor 
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lamp dimmers that can affect television, 
radio and audio. In addition many hi^- 
gain audio systems, including tape re¬ 
corders and record reproducers, are vul¬ 
nerable to the sync pulses of strong televi¬ 
sion signals. Home Office statistics 
normally cover only complaints of interfer¬ 
ence to the off-air reception of local televi¬ 
sion and radio broadcasts, today only part 
of the problem. 

In North America leakage into and out 
of wideband cable tv systems is proving a 
difficult problem and represents an argu¬ 
ment in favour of fibre-optics systems 
which should be far less susceptible to 
r.f.i. and not give rise to outward leakage 
problems. 

In the UK a more immediate problem is 
the added susceptibility of domestic tv 
where a video cassette tape recorder is in 
use. This vulnerability extends to off-air 
reception where the signals pass through 
the wideband v.h.f./u.h.f. amplifiers in 
the recorders. These amplifiers often ex¬ 
hibit gain from about 12 MHz up to 900 
MHz and can be overloaded by a strong 
signal anywhere in this range. For the UK 
market, the v.h.f. capability of the re¬ 
corder amplifiers is unnecessary, and it 
would reduce susceptibility to local 
transminer interference if u.h.f.-only re¬ 
corders were marketed in the UK. 

A fiuther problem, affecting primarily 
amateurs using the 3.5 MHz band, is the 
high-gain head amplifier with a frequency 
range extending up to about S Ml^. In 
some recorders this is comparatively well 
screened, but this is not always the case; 
the general use of plastics enclosures for 
recorders does not help. 

A problem common in the USA that has 
not yet arisen in the UK is that of interfer¬ 
ence to the receivers used for opening 
garage doors by radio control. Apparendy 
it is by no means imusual to see a succes¬ 
sion of garage doors swing open when a 
mobile transmitter passes by. Yet in many 
cases the manufacturers of the radio 
control equipment are well aware that the 
problem can often be solved by fitting just 
one or two r.f. bypass capacitors at suitable 
points. 

It can be argued that the Home Office 
accepts that susceptibility of consumer 
equipment to out-of-band signals cannot 
be blamed on the transmitter. Neverthe¬ 
less, it was precisely this susceptibility that 
led the Home Office to restrict legal c.b. to 
the f.m. mode. For both radio amateurs 
and c.b. operators there are the difficult 
social problems that arise with neighbours. 
It is near impossible to convince somebody 
who has just spent £450 on a video re¬ 
corder that the interference is due to its 


deficiencies! The owner always blames the 
transmitter. 

Two California cable tv operators were 
recently ordered to stop using their 151.25 
MHz channels in wideband cable systems 
because leaking signals interfered with De¬ 
partment of Forestry firefighting commu¬ 
nications. The FCC Field C^ce told cable 
operators to ensure their systems comply 
with FCC rules, and added that even if a 
system complies fully with the rules but 
still causes harmful interference, it is up to 
cable operator to remedy the problem. 



Natural energy 

For portable and transportable two-way 
radio, the power source remains the key 
factor. Even for the popular 144MHz 
hand-held transceivers the most frequent 
complaint is that power consumption is 
such that it gives rise to too-short battery 
life, even though this may be rechargeable. 
Many units incorporate a “high/low” 
power-output switch and, particuarly 
when used with repeaters, the low-power 
mode often provides adequate range. 
Power consumption, however, is not 
helped by some of the recent digital tech¬ 
niques that provide additional operator 
convenience but shorten battery life. 

The use of solar generators is thus of 
increasing interest although currently not 
economically viable in many cases. 
However a relatively powerful solar gener¬ 
ator using 20 solar modules each with an 
array of photovoltaic silicon solar cells and 
used in conjunction with a 500Ah lead-acid 
battery has been used at ±e Jet Propulsion 
Laboratory in California to power a com¬ 
bined h.f. and v.h.f. “emergency” station 
based on standard amateur-radio 
transceivers. In simlight the solar genera¬ 
tor provides about 200 watts of electrical 
power to charge the banery. This is cap¬ 
able of keeping the equipment running 
with a low transmit/receive duty cycle for 
-several days. However such installations 
are costly and not readily transportable so 
that their application to amateur radio is 


likely to be limited: possibly in future the 
development of large area amorphous sili¬ 
con solar cells may widen the scope. 


Pedal-to-talk 

A man-wife team of British amateurs - J. 
R. G. Corbett, G3TWS and Mrs M. G. 
Corbett, G8TWS - have recently assem¬ 
bled a pedal-powered generator for use in 
Zaire to power an h.f. network linking 
Mission hospitals - bicycle minus a front 
wheel and with a generator driven by the 
back wheel held in a cradle. Pedal genera¬ 
tors of a similar type have been widely 
used in the past and can deliver well over 
100 watts of power when an energetic cyc¬ 
list is available - considerably more than 
can be readily obtained with a hand gener- 

An energetic American college profes¬ 
sor, Elliot Kleinman, WA4YDK, in a 
variation on this theme, has recently ac¬ 
complished the feat of working all 50 
American states while operating “bicycle 
mobile” and is reported to be well on his 
way to making it 100 different countries. 
In his case, however, the power source is a 
9Ah motorcycle battery which powers a 
compact h.f. Atlas transceiver for rather 
over an hour per charge, although liable to 
die suddenly as it finally discharges. His 
aerial is a 66-in whip. He uses the 21MHz 
band. 

Not surprisingly, in view of the unstable 
nature of his loaded vehicle, he reports 
that the reaction of the people on the 
streets varies from interested to dumb¬ 
founded. 


In brief 

The Norwegian N.R.R.L. society has 
awarded its 1982 Golden Key Award to 
Noel B. Eaton, VE3CJ, former president 
of lARU. He becomes only the tod non- 
Norwegian amateur to receive this award 
. . . Father Maksymilian Kolbe, SP3RN, 
who gave his life to save that of a fellow 
concentration-camp prisoner in World 
War 2, has been canonized. In 1938 he set 
up an amateur station to communicate 
with missionary stations worldwide ... A 
new Russian amateur radio satellite, 
ISKRA-3 was launched by hand from the 
Salyut spacecraft during November . . . 
The RSGB national amateur radio conven¬ 
tion at the National Exhibition Centre on 
March 5 and 6 is to include both lectures 
and convention features as well as a large 
trade exhibition . . . The Society’s VHF 
Convention is at Sandown Park Race¬ 
course, Esher, Surrey, on March 26. 

-PAT HAWKER, G3VA 
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High power high quality 
ampiifier using mosfets 

Though powermosfets are superior to bipolars because of wide frequency response, high 
switching speed and absence of secondary breakdown, input capacitance can cause non¬ 
linearity problems at high frequencies if you don't have enough drive current. This is 
especially important when paralleling mosfets for higher output power. 


The amplification of very low level signals 
delivered by a pickup to the hi^ power 
Jevel needed to drive inefficient loud¬ 
speakers presents unique problems which 
have attracted the attention of many engi¬ 
neers, as wimessed by the many articles in 
WW. Some of these are closely related to 
the devices used: bipolar transistors. The 
relatively new power devices in m.o.s. 
technology, power mosfets, are capable of 
solving most of these problems. 

Audio power amplifiers using bipolar 
devices tend to be overload protection. 
The first one is needed because of the 
positive temperature coefficient of the col¬ 
lector current versus base-emitter voltage. 
With increasing power dissipation we get 
an increasing junction temperature, which 
increases with the collector current and 
therefore power dissipation. Eventually, 
this will lead to thermal runaway, causing 
destruction of the device. To avoid it a 
sophisticated circuit is needed to sense the 
temperature on the output devices and 
regulate the quiescent current through 
them accordingly. 

Bipolar power transistors are also well 
known for current concentration under 
high current conditions. This causes local 


ng. 1. Negative temperature coefficient of 
the drain current above 100mA prevents 
thermai runaway with Hitachi 
2SK134/2SJ48 type mosfets and avoids use 
of temperature-tracking circuits. 


by Erno Borbely 

Dipl. Eng., M.I.E.E.E. 


hot-spots which can eventually lead to 
secondary breakdown. This is especially 
dangerous at combinations of high voltage 
and high current. Ck)nsequently bipolar 
power amplifiers use sophisticated volt- 
amp limiting to get the maximtun from the 
devices without damaging them. 

The Hitachi 2SK134/2SJ49 power mos¬ 
fets used in this design do not have such 
problems. Their most important advan¬ 
tage is the negative temperature coefficient 
of the drain ciurent versus gate-source 
voltage. As Fig. 1 shows, the drain current 
is decreasing with increasing temperature 
above approximately 100mA. This means 
that thermal nmaway cannot occiu: and 
complicated temperature-tracking circuits 
are therefore not required. 

Another advantage is the uniform cur¬ 
rent distribution across the whole silicon 


die, which does not deteriorate in the high 
current, high voltage area. The result is 
fiutt there are no hot spots and no second 
breakdown. Sophisticated V-A limiters are 


Fig. 3. Typicai io-Vo, curves for 2SK134 
show that maximum drain current is 
limited to seven amps. 



Rg. 2. This n-channei mos source follower has ten times the bandwidth of an emitter 
follower. 
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Fig. 4 . Compared to a giant bipolar 
transistor, the mosfet has limited current 
capability at low voltages, but out¬ 
performs the bipolar at combinations of 
high current and high voltage. 


therefore not required for protection. In 
fact most amplifiers do not need any pro¬ 
tection at all. 

There are several more advantages with 
mosfets that are important in audio appli¬ 
cations. One is that they are majority car¬ 
rier devices. Because the charge carriers 
are controlled by electric fields and not by 
injection of minority carriers in the active 
region, there is no stored charge in the gate 
region. The result is wide frequency res¬ 
ponse and fast switching, even when com¬ 
ing out of clipping. 

Like bipolar transistors, mosfets are 
usually us^ in the follower configuration 
in audio amplifiers. Fig. 2 shows the fre¬ 
quency response of an n-channel mosfet in 
source-follower configuration. For compa- 
rision, the response of an emitter follower 
is also shown: bandwidth of the source 
follower is ten times wider than that of a 
bipolar device. 

Another important advantage is their 
high input impedance. Together with the 
uniform current distribution, this allows 
paralleling of mosfets without undue prob¬ 
lems. However the spread in *e gate- 
source tum-on voltage has to be consid¬ 
ered when doing this, as we will see later. 
Although the statement “high impedance” 
is correct at very low frequencies, it is by 
no means applicable for the whole audio 
frequency range. The input looks like a 
pure capacitor wi* a value of about InF. 
This can cause non-linearities at high fre¬ 
quencies if you don’t have enough drive 
current available. The input capacitance 
therefore becomes the most important fac¬ 
tor in selecting the driver circuit. 

Disadvantages of power mosfets 

Although having a number of advantages 
compared to bipolars, mosfets are by no 
means ideal. The most important disad¬ 
vantage with the 2SK134/2SJ49s is the 
high on-resistance. Worst-case calculations 
show that it can go up to 1.7ohm; a current 
of 5 amps through the device gives a 
voltage drop of 8.5 volt across it. Clearly 
this would increase power dissipation and 
decrease efficiency. Power supply design 


Fig. 5. Many top- 
quality amplifiers 
have used a fully 
balanced, 
complementaiy, 
dual-differential 
topology, known 
for very low static 
distortion at low 
levels and for good 
power supply 
ripple rejection, 
but it's difficult to 
get good linearity 
at high levels, 
because the 
second-stage 
transistors are 
working with 
extreme Vcr 
excursions, 
causing large gain 
variations. 



has to be based on this worst-case on-resis- 
tance. Typical on-resistance is around one 
ohm, so there is some margin built-in if we 
calculate with the worst-case value. Other 
manufacturers are offering devices with 
much lower on-resistance but ±ey are 
limited in other parameters such as 
breakdown voltage and/or in offering com¬ 
plementary devices. A wider selection of 
mosfets is expected to be available on the 
market in the next few years. 

When looking at the Id-Vj, characteris¬ 
tics of the Hitachi mosfets. Fig. 3, notice 
that the curve is not shown at higher drain 
currents than about 7A - the maximum 
rated drain current. Compared to some of 
the bipolar transistors rated at 20-30A this 
might look meagre. But taking into consid¬ 
eration the device’s complete freedom 
from secondary breakdown, one can 
usually use more of the available curreqt 
capability of the mosfets than of the bipo¬ 
lars. Fig. 4 shows the safe operating areas 
for the Hitachi 2SK134 and, for compari¬ 
son, of a representative bipolar power de¬ 
vice, the MJ15003, being a 20A device and 
superior at low voltages. At high voltages 
the mosfet is equal to, or in one area it is 
even better than, the bipolar device. 




Fig. 6. This offers very good linearity and 
easy control of the second stage current, 1^. 



Rg. 7. The cascode configuration 
is one of the best for large signal 
handling capability. 

The maximum output power one can get 
with power mosfets is limited only by the 
thermal capability of the die/package com- 
bmation. A 2SK134/2SJ49 pair can easily 
deliver 60W into 8fl and more than 75W 
into 4fl. Two pairs in parallel make a 
120W/8n or a 150W/4fl amplifier, as in 
this design. 

Driver design 

The most important considerations when 
selecting the topology for the driver circuit 
are 

- linearity 

- open-loop bandwidth 

- drive capability. 

Although there are some three-stage driver 
circuits in commercial amplifiers of Japa¬ 
nese origin, most European and American 
designers prefer the two-stage design 
which can achieve both good linearity and 
wide bandwidth. 

The differential input is universally 
accepted as the input stage. The second 
stage, which has to supply all of the drive 
to the output stage, is either a common- 
emitter stage with a current source as a 
load, or a differential amplifier using a 
current mirror for differential to single- 
ended conversion. 

Many top-quality amplifiers have been 
using a fully-balanced complementary 
dual-differential topology in recent years, 
known for very low static distortion at low 
levels and for good power supply ripple 
rejection. Fig. 5. 
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Fig. 8(a) shows the lc-Vc£ characteristics of 
a typical high-voltage transistor, the 
MJE340. Allthough limited in terms of 
voltage and current, the curves clearly 
indicate gain variations with changing 
collector-emitter voltage, (b) shows the 
characteristics of cascode circuit where Tr2 
is a MJE340, and Tr, is MPSA5S. The 
composite characteristics of this circuit are 
extremely linear, approaching that of an 
ideal transistor. Voltage variations across 
the transistors do not cause significant 
gain variations, consequently these can 
handle large voltage swings with very little 
distortion. 


It is more difficult to get good linearity 
at high levels because the second-stage 
transistors are working with extreme Vce 
excursions, causing large gain variations. 
There are a number of ways to improve 
large-signal handling capability; I have 
found the circuit shown in Fig. 6 excellent 
in this respect. This fully symmetrical cir¬ 
cuit also allows easy control of the current 
in the second stage; it is fixed by the ratio 
of the two collector resistors in the input 
stages: 


Ri/R2=(l2+Ii>/Ii 

I have found that this current transfor¬ 
mation from first stage to second stage 
works well up to a ratio of about 30 and; 
with the particular transistors used, up to a 
second stage current of 30mA. This cur¬ 
rent was used to drive a pair of 
2SK134/2SJ49S in a 60W amplifier with 
good linearity and slew rate. However, if 
we want to drive two pairs of devices to 
increase the output power to over lOOW, 
this cmrent is not sufficient any more (see 
calculations below). To be able to use 
higher current in the second stage with 


good linearity, I redesigned it using a cas¬ 
code configuration. 

Fig. 7 shows the basic cascode connec¬ 
tion of two transistors. Used alone, a high- 
voltage transistor such as the MJE340 
clearly suffers from gain variations with 
chang in g coUector-eminer voltage; see the 
Ic-Vce characteristics in Fig. 8(a). The 
composite characteristics of a cascode cir¬ 
cuit (MPSA55, MJE340) are extremely 
linear, approaching that of an ideal tran¬ 
sistor, Fig. 8(b). Voltage variations across 
the transistors do not cause significant gain 
variations, consequently these can handle 
large voltage swings with very little distor¬ 
tion. 

An additional advantage of the cascode 
circuit is its wide bandwidth. It was estab¬ 
lished many years ago‘ that we need an 
open-loop frequency response up to 20kH2 
to avoid transient overload inside the feed- 



Flg. 9. Paralleling mosfets is easy, thanks to 
the high-input impedance and the uniform 
current distribution across the die. 


back loop. Using the cascode configuration 
in the second stage, we can easily satisfy 
this requirement. 

As the collector-base voltage of Tri is 
held constant in this circuit there is 
minimum charging of its collector-base ca¬ 
pacitance, effectively eliminating the in¬ 
fluence of this capacitor on the frequency 
response. Transistor Tr2 is operating in 
common-base mode, which is inherently a 
wideband configuration. Together, they 
offer a very linear operation over a wide 
frequency range. A slight disadvantage is 
the increased voltage loss across the two 
devices. This is not a problem in our appli¬ 
cation because the voltage loss across the 
output devices due to the on-resistance will 
d omina te. Alternatively the driver circuit 
could be supplied from a higher voltage. 

Finally, look at the drive requirements. 
Fig. 9 shows the output stage, consisting 
of two pairs of n and p-channel devices 
operating in source-follower mode. The 
input capacitance of the p-channel fets is 
around 900pF, the n-channel around 
SOOpF. Used in the source-follower mode, 
the input capacitance is reduced by the 
local feedback. As the transconductance of 
the devices is fairly low (gn,=0.7 to 1.4S), 
this reduction is moderate. Calculations 
based on the published figures in the Hita¬ 
chi data sheets show that we will end up 
with 100 to 200 pF input capacitance for 
each of the devices using an 811 load. 

The input of the output stage is nor¬ 
mally used as the main roll-off point for 
the amplifier. Because input capacitance 
varies with operating conditions, it is 
necessary to add a real capacitor here 
(Qomp in Fig- 9), to come up with the total 
value needed to stabilize the amplifier. 
Assuming Oonp 400pF, and ISOpF each 
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Fig. 10. Driver circuit chosen is as it was for open-loop measurements; gain without the 
load was too high: the 2kO load reduced it to about 66dB. In parallel with InFthe distortion 
was 0.1%, both at 1 and lOkHz. Response was down IdB at 20kHi, 2dB at 30kHz. 




































for the mosfets, the total load capacitance 
seen by the driver circuit is around InF. 

To avoid non-linearities caused by this 
input capacitance, we have to have enough 
current available in the driver stage to 
charge and discharge it under all condi¬ 
tions. I was especially interested in very 
low distortion across the whole audio band 
with a reasonably high internal slew rate as 
a secondary requirement. This was to be 
higher than the slew rate of any signal 
capable of entering the amplifier, through 
the low-pass filter used at the input. Using 
the well-known formula for the slew rate 

dV/dt=i/C 

calculate the necessary current to charge 
and discharge the input capacitance at the 
rate required. For a slew rate of lOOV/ps, 
and assuming an input capacitance of InF, 
lOOmA is needed in the driver stage. 

The final driver circuit selected consists 
of a balanced, complementary differential 
input stage and complementary cascode 
second stage. Fig. 10. The differential in¬ 
put stages are working with 2mA each 
(1mA per transistor) while the second 
stage, for reasons of linearity and power 
dissipation, ended up with approximately 
SOmA. 

Open-loop distortion for the whole am¬ 
plifier is approximately 0.5% measured at 
IkHz and lOOW into 80. If all of the 
feedback (40dB in this case) reduced the 
distortion effectively, we would end up 
having 0.005% in the final amplifier. This 
is more than adequate for any high quality 
amplifier. However, the 21^ resistor is 
shimting too much of the available current 
away from the load capacitor (correspond¬ 
ing to the input capacitor of the output 
stage), resulting in a little higher distortion 
at hi^ frequencies than I was looking for. 
To avoid this, I removed the 2kfl load and 
replaced it with lOkfi (actually 2x22k, see 
fimil circuit). This increased the open-loop 
gain and the feedback, and the final ampli¬ 
fier shows very low ^stortion across the 
whole audio range. 

It has been said that due to the low gn, of 
the mosfets, special circuit configurations 
like the composite source-follower or ex- 
trememly high Open-loop gain in the driver 
stage are necessary to get an acceptable 
linearity^. It is my experience that the only 
precaution necessary is to have enough 
current available to charge and discharge 
the mosfet input capacitances. The design 
described shows that very good linearity 
can be achieved with a moderate amount of 
feedback (30 and 40dB, respectively) and 
normal source-follower configuration. 

Circuit discussion 

In the complete circuit diagram, p.73, the 
blocking capacitor Ci together with R1-R2 
and the output impedance of the preampli¬ 
fier determines one of the low-frequency 
roll-offs of the amplifier. Assuming that 
the impedance feeding the amplifier is low, 
the -3dB point will be about IHz. The 
non-polar capacitor Ci, should be polypro¬ 
pylene, polycarbonate or, if these are not 
available, a polyester capacitor. Worst 
case, a non-polar electrolytic or two nor- 



Fig. 11. A suitable output coil can be made 
on a plastics spacer with parallel resistor to 
dampen ringing caused by capacitative 
load. 

mal electrolytics connected to form a non¬ 
polar capacitor can also be used. The 
layout gives a number of possibilities as far 
as type and size of the capacitor(s) are 
concerned. 

Components Ri and C2 form a low-pass 
network to prevent high frequency sig^s 
with slew rates higher than the internal 
slew rate of the amplifier from reaching the 
input. As the output impedance of the 
preamplifier forms part of this filter, the 
value of C2 should be adjusted for the 
particular system it is used in. Assuming 
that the output impedance is very low, the 
values shown give a — 3dB point of over 
200kHz, so C] should be changed to 1 to 
1.2nF, bringing the -3dB point down to 
about 60kHz. The value shown can be 
used with preamplifiers with output im¬ 
pedance up to about lOkfl. C2 should be a 
polystyrene or polypropylene capacitor. 
The d.c. path for the input transistors goes 
through R2 which for minimum d.c. offset 
at the output of the amplifier shotild be 
equal to R22. 

For minimum d.c. offset we also need 
high-gain transistors in the input stages 
but it is difficult to find them with high 
breakdown voltage. The best compromise 
I have found is the BC546B and BC556B 
complementary pair; hpE is specified as 
180-450 at 2mA collector current and 
breakdown voltage 65 V. A better choice as 
far as breakdown voltage is concerned is 
the MPS8099 and MPS8599 pair (80V) 
which gives the possibility of higher 
supply voltages; hpE is 100-300 at 1mA, 
but does not create any problems with the 
relatively low-impedance d.c. pa± used. 

The current sources, which supply 2mA 
to the differential stages, require a stable 
voltage reference. This is normally ob¬ 
tained from low-voltage zener diodes or a 
string of small-signal silicon diodes. 
1N4148 can be used in this circuit: they 
show a good repeatability and are very 
inexpensive. Operating the lN4148s at 
around 1mA, the voltage drop is very close 
to 0.6V: two in series with 2mA through 
them give an acceptable performance (Rn, 
Ri3=22k, Rio, Ri2=300n). 

A zener diode solution, shown on p73, 
needs zener diodes operated at a higher 
current than the lN4148s, hence the 
change of Rn, R13 to lOkfl. Although not 
shown in the schematic, a good tempera¬ 
ture compensation can be achieved by 
connecting a silicon diode in series with 
the 4.7V zener, which follows the Vbe 
variations of the current-source transistor. 
This is recommended when operating the 
amplifier at very high ambient tempera¬ 
tures. 

The proposed layout accepts all three 
solutions: two silicon diodes in series, a 


single zener diode or a zener diode and a 
silicon diode in series. 

The 3V reference for the cascode circuit 
(formed from Try, Trg & Tr9 as the p-n-p 
part, and Trn, Tri2 and Tri3 as the n-p-n 
pan) is derived from a string of lN4148s. 
This might seem extravagant, but the only 
alternative, a 3V zener diode, required a 
much higher operating current. Operating 
at 5mA, the average forward drop is 
0.64V, five of them in series supply 3.2V 
for the cascode circuit. 

Transistor 10 and associated circuitry is 
for bias adjustment. Hitachi recommend a 
regular potentiometer for this but as the 
relatively high current in the second stage 
is 50mA I didn’t find it satisfactory to pass 
all of this through the wiper of a small 
trimpot. Instead, I use a normal bias ad¬ 
justment circuit (VsE-multiplier) found in 
practically all bipolar amplifiers. The dif¬ 
ference is that this circuit is not supposed 
to have any temperature compensation: 
Trio should therefore not be mounted on 
or near the output heatsink. 

When switching the amplifier on the 
first time, the potentiometer should be set 
to its anti-clockwise position. While moni¬ 
toring the current through the whole am¬ 
plifier (for example by removing one of the 
fuses and connecting an ammeter across its 
terminals), the quiescent current should be 
adjusted to 260mA (100mA in each of the 
output devices, plus driver). This ensures 
an optimum operation from the point of 
view of temperature stability, and low- 
level distortion. 

The mosfets are guaranteed for a 
minimum gate-source breakdown of 
±14V. The devices have built-in protec¬ 
tion diodes, so it should not be necessary 
to use external protection unless the ampli¬ 
fier is overloaded at very high frequencies. 
For testing I usually drive the amplifier to 
maximum output in the frequency range 
30 to 50kHz with an 8n load and then 
connect a large capacitor (around 4^F) 
across the output. The amplifier should 
work either normally if current handling 
capability permits or should automatically 
limit the output. 

I have seen the Hitachi devices act a 
number of ways, depending on the circuit 
configuration. They might latch, conduct¬ 
ing a very high current; they might break 
up, delivering a very distorted wave form; 
or they might go into oscillation. Although 
none of these conditions ever produced a 
destruction, the devices should not operate 
under such conditions for an extended 
period of time. Diodes D13-D16 serve that 
purpose; no matter what current is de¬ 
manded from the output stage, the diodes 
prevent the driver stage from delivering 
more than ± 10.6V peak gate-to-source 
voltage. This protects the output from out- 
of-audioband overstress and just about any 
sort of abuse is tolerated, until we reach 
the thermal limitation of the die/package 
combination. 

There are three more blocks of compo¬ 
nents on the p.c.-board. One is the fe^- 
back network, in which d.c.-feedback is 
applied through R22; for minimum offset 
this is equal to R2 and a.c.-feedback, given 
by R23 and R21, isolated from the d.c. 
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Measurements on practical amplifier 


feedback by Cs and Q. The d.c. gain is 
unity, and a.c. gain is approximately 

(R23l|R22+R2iyR21 

which is close to 20 times or 26dB. Capaci¬ 
tor 5 is a non-polar electrolytic and since 
electrolytics have an increasing impedance 
at higher frequencies, I connected a 0.1|iF 
capacitor in parallel with it. 

Components C7 and R24 provide lead 
compensation and optimize square-wave 
response; C7 should be polystyrene, 
polypropylene or a dipped-mica type. 

The next block is the output network, 
consisting of L in parallel with R36, and 
the RC network R37-C13. To prevent short 
circuit of the output with capacitative load 
and high frequencies, an inductance is in 
series with the output. This has an in¬ 
creasing impedance with frequency, thus 
preventing the short circuit. This can 
cause sustained ringing with a capacitive 
load, so we dampen the inductance with 
R36. A suiuble coil is shown in Fig. 11 (I 
u^ a plastics spacer as a coil former). 

Components R37-C13 terminate the am¬ 
plifier resistively at very high frequencies, 
necessary because loudspeakers represent 
a very high or uncontrolled impedance at 
h.f., causing oscillation that can destroy 
tweeters. 

Finally, there are RC networks in each 
of the supply connections. Although the 
amplifier has a good inherent ripple rejec¬ 
tion, additiohal filtering is an advantage 
from the point of view of isolating the two 
channels. This is especially important at 
high frequencies, hence the parceling of 
the electrolytic with a O.lpF polyester ca¬ 
pacitor. 

Heatsink assembly 

The rest of the components are mounted 
direcdy with the output devices on the 
heatsink assembly. 

The power mosfets are high speed de¬ 
vices, and require special mounting and 


wiring precautions. The first one is a 
proper decoupling of the power supply 
connections directly at the device pack¬ 
ages. Again, a combination of electrolytic 
and polyester capacitors is used for this. 
The second one is the usual source fol¬ 
lower problem of parasitic oscillation with 
capadtttive load: a resistor in series with 
the gates to preven; thir. Resistors R39, 
R40> Rts and R46 shquld be wired directly 
to ±e gate pins of the devices. 

The uniform current distribution across 
the die means hot-spots cannot occur and 
together with the fact that they have a high 
input impedance enables operation in 
parallel mode without too much trouble. 
However, some precautions have to be 
taken berause of the Vgs spread. We want 
to operate them at a quiescent current of 
100mA. Unfortunately, the Vgs voltage 
necessary to turn on ±e mosfet to this 
drain current varies from device to device. 

Ideally, the devices should be matched 
to within ± 10mA at 100mA drain current. 
But imfortunately, this requires a large 
number of devices to select from and can 
only be done in large-scale production. 
Happily, devices coming from the same 
production batch (bought at the same time 
from a distributor and marked with the 
same date code), seem to be close enough 
to work satisfactorily in the amplifier. Re¬ 
sistors R41, R42, ^3 and R^ are also 
helping in equalizing the current at the 
same dme, as they help linearize the char¬ 
acteristics of the mosfets. These resistors 
should be non-inductive types. 

Although the n and p-channel devices 
are said to be complementary, some 
parameters are different. One is input ca¬ 
pacitance, specified as 900pF for the p- 
channel and SOOpF for the n-channel ones. 
This difference can influence rise and fall 
times in the amplifier, make square-wave 
response a symmetrical, and made stabiliz¬ 
ing more difficult. 

As we usually do not know the exact 
value of the input capacitances, we can 


Gain 26dB 

Input impedance24kn 
Output power 120W into 80 
150W into 40 

Harmonic IkHz 0.002% at 120W into 80 
distortion 10kHz 0.0065% at 120W into 80 
Slew rate 60V/ps without input 
filter 

Rise time 1.2ps without input filter 

2ps with input niter 


only make an approximate balancing of 
these by adding extra capacitance to the n- 
channel devices, the optimum value found 
by experiment. Capacitors Cu and C17, 
should be polystyrene or dipp^ mica, and 
soldered directly to the gate-source pins of 
the n-channel fets. 

Capacitor Cis, together with Cu on the 
p.c. board, n^e up the compensation 
shown in Fig. 9. The reason for dividing it 
into two is to accommodate a wide variety 
of wiring schemes. A minimum value of 
around lOOpF is needed on the board, the 
rest does a better job when connected 
directly at the input of the mosfets. Make 
them polystyrene types, polypropylene or 
dipped-mica. 

Although not intended primarily for 
plug-in systems, the p.c. board is made in 
a standard-size Eurocard format 
(100x160mm), including a 31pin connec¬ 
tor. For simplicity, the input is available at 
the other end of the board. This makes the 
layout very straightforward; except for the 
ground path, the layout follows the circuit 
diagram very closely. There are two 
jumpers on the board, both indicated on 
the component layout. 

Thermal resistance should be around 
O.Sdeg C/W per channel, which allows the 
amplifier to operate at a very high average 
output power continuously. A ISOmm 
piece of a standard SK47 extrusion, with a 
T or L-bracket to mount the mosfets on, 
works fine. If the possibility for contin¬ 
uous operation with very low impedance 
loads exists (less than four ohms), it is a 


Transistors 9 & 11 need 
heat dissipators - either a 
standard extrusion (SK09) 
or an L-bracket can be used. 
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The grounding schema is flexible in that output ground and input ground are not 

connected together on the board. This makes it very simple to adopt a number of wiring 
schemes: a proposed wiring diagram for a stereo amplifier using a common power supply 
is shown. Using the boards with separate supplies, output and input ground can be 
connected together, which gives the best signal/hum ratio in a system. 
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good idea to put thermal breakers on the 
heatsinks with a cut-out temperature of 
about 75*C. 

Plus and minus 57V supplies are needed 
for 120W into an eight ohm load. Assum¬ 
ing a 10% transformer regulation, the no- 
load voltage should be ±63V. This 
translates into a transformer with a 2x45V 
secondary, and rated at 500VA, toroidal 
for Tninimiim hum. The filter capacitors 
must be at least lOmF each, rated at 80V. 
The bridge has a rating of 30A with a surge 
rating of 300A. 
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Spread spectrum 
communication 
system for civil use 

Considering the present congestion in civilian communication bands more efficient use 
by exploiting the multiplexing capabilities of spread spectrum systems should be 
welcomed. High complexity - not a problem for space and military systems - can be 
avoided by reducing the number of electrodes in the surface wave devices. 


The h.f. band is one of the most congested 
parts of the spectrum, and also suffers 
from multipath and flat fading. Spread 
spectrum systems would be particularly 
useful in this field. The spread-spectrum 
technique is a modulation method in 
which the bandwidth used is much greater 
than that required by the message. To be 
classified as spread spectrum, the mod¬ 
ulated signal bandwidth is at least 10 to 
100 times the information rate, and the 
information itself should not be a factor in 
setting the modulated signal bandwidth. 
The result is very low signal-to-nqise ratio 
which makes reception of the signal ccnn- 
plicated. This is the major problem to be 
encountered. Various methods of synchro¬ 
nization and demodulation have b^n sug¬ 
gested and tested without really solving the 
problems of high synchronization delay 
and the difBculties of maintaining synch¬ 
ronization. 

Considering its potential advantages and 
the wide coverage of h.f. the research be¬ 
ing carried out in this field is very limited, 
and deserves more investigation. Though 
spread-spectrum has its own characteristic 
problems, it offers the kind of promise 
which could revolutionize communication 
technology, by offering channel multiplex¬ 
ing for more efficient use of the spectrum; 
antijam capability; low detectability by an 
unwanted receiver; accurate ranging; and 
inherent multipath rejection. 

Antijam capability can be proved 
directly from Shannon’s equation of chan¬ 
nel capacity C=Wlog2(l-t-S/N), where W 
is bandwidth and S/N is signal-to-noise 
ratio 

C=Wloge(l+S/N) log2e. 

When s/n« 1, that is for low signal-to- 
noise ratio as is always the case with 
spread-spectrum, 

loge(l+S/N)=S/N-(S/N)^l/2-l-(S/N)h/3 

...«S/N, and C=1.45W(S/N). 


As the bandwidth is increased more jam¬ 
ming pother N will be required to effecti¬ 
vely jam the signal. 

Multiplexing capability. Each channel 
user has a unique pseudo-random sequ¬ 
ence code assigned which has very low 
cross-correlation with pseudo-random se¬ 
quence codes assigned to others using the 
same channel. Receivers are designed to 
use a local code generated to produce an 


by Noman Mahmood M.Sc. 


identical psuedo-random binary code as 
transmitted by a particular user to corre¬ 
late the received sequence. When properly 
synchronized the result is an autocorrela¬ 
tion of the particular code as the output of 
the correlator. Interference product by 
other user’s codes is spread out by the 
action of the multiplier in the correlator. 

The problem of the multiplexing is to 


find a sufficient number of orthogonal 
codes of the same length. There is no rule 
available for predicting the mutual cross¬ 
correlation performance of sets of psuedo- 
random sequences. One rule of thiunb that 
can be used in the choice of sets of sequ¬ 
ences is to examine the factors of the 
length of the sequence. Sequence lengths 
that have small factors are almost certain to 
exhibit large values of cross-correlation be¬ 
tween some pairs of the possible sequ¬ 
ences. Sequence lengths that do not have 
small factors are relatively free from high 
values of cross-correlation. 

The importance of orthogonality be¬ 
tween codes in the same channel is made 
clear by the following example. Suppose 
fi(t),f2(t), . . . fn(t) are the several spread¬ 
ing sequences used by different users of 
the channel. Each user is using the dif¬ 
ferent signals si(t), S2(t). . . Sn(t) to mod¬ 
ulate their respective data. The modula¬ 
tion is done by multiplying the signal with 
the spreading sequence e.g. s(t)*f(t). 
When these are sent over a channel the 
resulting overall channel signal is 
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Properties of pseado>raiidom 
sequence 

In aay spi«ad-«peccnun system, the base¬ 
band signal is spread over the chaiuud with 
the help a pseudo-random sequence, even 
diougb the actual system may difler acced¬ 
ing to udiat method is used, A pseudo-ran¬ 
dom (im) sequence is chosen b^use of in 
excellent two-valued autocorrelation func¬ 
tion which aids in correhttion detecticHi, its 
noise-like properties, as well as certain other 
characteristics. 

O Any cyclic shift of a i»eudo-random sequ¬ 
ence is also a psuedo-random sequence. 

O Any sequence may be generated by 
maximal sequence (m-sequence) genemtof' 
polyntmiial, provided the polynomiai is irre¬ 
ducible and prime. The polynomial can be 
represented by 

ax)=2bx*, where 1^=0,1. 

O If a sequence is generated by a polynomial 
of degree n and a window of width n is slid 
along a sequence, each of the 2“' 1 non-zero 
binary n-tuples is seen exactly once. 

O Any sequence contains ' ones and 
2“” * zeros, that is the number of oim and 
zeros differ by one in a sequence. 

O The modulo-2 sum of two sequences is 
another sequence, 

O The modnlo-2 sum of a sequence and a 
cyclic shift of itself is another ^uence. 

O The autocorreladmi function «rf a sequ¬ 
ence of length 2”-l is given by 1^0)= 1, 
P(l)=-l/u for ltgi«2“-2, where n is an 
integer and P(l) is normalized autoc^la- 
tion. The normalized cross-cortelatitm of 
Stwo such sequences is measured by 
tA-DKA+D), where A is ihe numl^ of 
agreements between l»u, and D is the 
number of disagreements between bits. If 
we modulo-2 add two sequences the number 
of zeros would be the bits that agree and the 
number trf ones are the bits that dis««ree. 
The distance between two codes is ddined 
by the total number of bits that disagree. If p 
is the number of bits that agrees and d is the 
distance between two sequences, then it is 
possible to find an expression for the norma¬ 
lized conelation in terms of distance be¬ 
tween the codes as follows. From the last 
expression, noimalized correlation is thus 
(p-dyCp+d). If the total number of bits ina 
sequence is N then the normalized oorrela- 
Qonis ■ 

' ((N-d)-d)yN=(N-2dyN=1-2d/N, 

where d the distance between codes. The 
distance between two codes always remains 
the same tuid constant even after cyclic shift. 


s,(t)f,(t)-i-S2(t)f2(t)-l- . . . s„(t)f„(t). If a 
receiver is to retrieve Si(t) the signal would 
be multiplied by fi(t) giving an output 

8l(t)f,^t)-bS2(t)f2(t)f,(t) . . .S„(t)f„(t)f,(t). 

If fi(t) are chosen so that they are orthogo¬ 
nal, then 

fi^(t)= 1 for i=j, fi(tXi(t)fi(t)*=0 for i=j 
so that s(t) will be the output of the cohe¬ 
rent detector. Hence each receiver can re¬ 
trieve its particular signal with the 
knowledge of the particular transmitter 
signature or pn sequence. 

Low detectability. The processing gain in 
a spread spectrum is delSned as the ratio of 
the r.f. spread bandwidth Wrf to the mes- 
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sage bandwidth Wb or PG= Wrf/Wb. Ex¬ 
pressed as a time bandwidth product 
substituting Tb=l/Wb gives PG=TbWrf. 
If (S/N)b is the bandwidth needed by a 
conventional receiver dien the signal-to- 
noise ratio that a spread-spectrum system 
can operate on is (S/N)ff=l/PG*(S/N)b on 
account of the processing gain. So the de¬ 
tectability is r^uced by 1/PG, which is 
enormous. 

Multipath rejection comes about due to 
the method of detection used and the auto¬ 
correlation property of the sequence. The 
pn sequence Iw only two values for its 
autocorrelation in different phase shifts of 
the sequence. Now a delayed version of the 
pn sequence reach^ the correlator would 
be out of phase with the locally generat^ 
pn sequences used in the corr^tor. This 
would not be detected as the output would 
remain low due to the low autocorrelation. 

Engineering details 

The h.f. band is one of the most congested 
of all; it also suffers from the multipath 
effect and flat fading. Spread spectrum 
systems would be particularly usefU here. 

An h.f. radio link is a time-varying 
channel in which the attenuation and delay 
characteristic vary with time. This is called 
frequency-selective fading, and can be a 
serious source of error. The main cause of 
additive noise is atmospheric noise caused 
by li ghtning discharges, occupying a fre¬ 
quency from v.l.f. to around 30MHz at the 
input to the radio receiver. 

Fading rates for both flat and frequency 
selective fading are normally in the range 
of 4 to IS fades per minute. The flat fading 
may vary from 0 to TOdB, so a.m. is not 
suitable. Suppressed-carrier a.m. when bi¬ 
nary coded is equivalent to p.m. Both f.m. 
and p.m. may be used at h.f. satisfactori- 
cally, with p.m. requiring less bandwidth 
than f.m. To overcome die phase ambigu¬ 
ity inherent in a p.m. systra, data is dif¬ 
ferentially encod^ before phase shift key¬ 
ing is used,'which is actually binary p.m. 
A phase ambiguity occurs in the receiver as 
absolute i^iase rfference is not available. 


This is called differential phase shift key¬ 
ing and uses 180* phase shift of the carrier 
to represent a 1 and zero phase shift for 0. 

A problem that is faced in any kind of 
modulation scheme is pattern noise. This 
is due to the fluctuating sidebands caused 
by the data modulation and becomes espe- 
chdly important when extracting the car¬ 
rier from the signal. The fluctuating am¬ 
plitude of the sidebands is attenuated by 
the carrier filter but the remaining phase 
fluctuations are irremovable. It exists even 
if the incoming signal is perfeedy free of 
noise. 

A major drawback with multi-user 
spread spectrum systems is their proneness 
to self-j amming - If all the received signal 
amplitudes are approximately the same at 
all user locations, then the correlation 
processing gain of the receiver is sufficient 
to clearly detect each signal separately. In 
practice however the distances between 
various users in a multi-user system vary 
widely and correspondingly the signal 
stren^s vary widely, resulting in jam¬ 
ming of the weaker ones. This situation is 
commonly referred to as the “near and far 
problem”. 

The problem can be reduced by the use 
of a modulation format that includes a 
modest amount of signal spreading with 
signal encoding, while the remainder of 
the spectrum spreading is accomplished by 
rapid frequency hopping of the signal in a 
predetermined sequence over the total 
band of interest. 

Transmitters 

The most popular type of spread spectrum 
system is the direct sequence system where 
a pseudo-random sequence is used to 
spread data. Other methods are frequency 
hopping, time hopping, or a hybrid be¬ 
tween these two. In frequency hopping a 
sequence switches a frequency synthesizer 
to hop to different frequencies it switches 
onto. 

The method studied here is the use of 
direct sequence spreading using sequence 
inversion-keying modulation at baseband, 
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with differential phase-shift keying for 
transmission. The sequence inversion key¬ 
ing of the pseudo-random sequence by the 
data is achieved by modulo-2 addition of 
the data with the sequence at a rate 1/T, 
where T is the stretch of one sequence. 
Sequence inversion keying gives optimum 
protection against inter-symbol interfer¬ 
ence and bit error because the detection of 
half of the sequence provides the decision 
on the dau received. The d.p.s.k.-mod¬ 
ulated signal is then passed through a 
band-pass filter to conserve power, and 
amplified before radiation in the electro¬ 
magnetic field. 

A “datt generator” produces a train of 
pulses carrying the information, to which 
are added a fixed number of redundant 
pulses to facilitate the correlation or detec¬ 
tion of errors by the receiver. These data 
bits are used to sequence-invert a string of 
2047 bits, so the 1 is represented by the 
pseudo-random sequence and 0 is the 
inverted sequence. 

The m-sequence generator is a well- 
known technique. For a feedback shift 
roister of N bits the sequence produced is 
of length 2^-1. The taps of an eleven-bit 
feedback shift register was modulo-2 
added in a feedback loop to produce the 
2047 pseudo-random sequence. The 
polynomials that would generate the sequ¬ 
ence of this length are 

l-(-x^-l-x’-f-x*-l-x" 

l-Hx^-l-x^-l-x^-l-x" 

l-t-x-l-x^+x’-Hx" 

l-Hx’-t-x” 


The last polynomial offers least complexity 
in hardware terms. 

The sync recognizer in Fig. 2 is a logic 
gate which gives a pulse each time the 
intitial state of the feedback shift register is 
reached. The data are synchronized with 
the pseudo-random sequence with the help 
of these pulses. The output of the sik mod¬ 
ulator is then used to m^ulate a carrier by 
differential phase-shift keying. The clock 
pulses for all these sequential logic circuits 
are derived from a stable crystal clock by 
passing the output through a Schmitt trig¬ 
ger and then dividing down to the required 
fi^uencies. The output of the d.p.s.k. 
modulator is applied to a band-pass filter 
to restrict power requirements for trans¬ 
mission as well as spill-over into adjacent 
channels. 

Other methods of encoding using 
pseudo-random sequences include mod¬ 
ulating a long sequence with a shorter one 
to enable use of a short surface-wave 
matched filter, use of a recirculation loop 
or charge-coupled devices to reduce synch¬ 
ronization time at the receiver, and the use 
of a shorter section of the sequence that is a 
multiple of the niunber of bits in the f.s.r. 
used to generate the sequence along with a 
recirculation loop to enhance the output. 

Receivers 

The most complicated part of a spread 
spectrum communication system is the re- 


Flg. 3. Design of carrier extraction, clock 
recovery and demodulation must allow 
operation of very low s/n route. See text for 
box descriptions. 


ceiver. It has to perform under the difficult 
conditions of 

- very low signal-to-noise ratio, as low as 
30dB 

- time uncertainty of receiver sequence- 
complicated synchronization circuits 
required 

- maintaining synchronization after it is 
achieved is difficult so code-tracking 
circuits are required. 

So the design of carrier extraction, clock 
recovery and demodulation must be such 
that it can operate at the very low signal-to- 
noise ratio that is available. The block 
diagram in Fig. 3 gives a simplified version 
of the recover. The operation of each box 
on the signal input is described below, 
headed by the labels in the diagram. 

Band-pass filter foUowdng the down- 
converter has a bandwidth centred at Wjf 
and just wide enough to let the data com¬ 
ponents pass through. This slices off the 
unnecessary interference and allows the 
i.f. amplifier to operate effeciently. 

Demodulator. In search of a d.p.s.k. 
demodulator which can operate under low 
signal-to-noise ratio, two sorts of demodu¬ 
lators are favourable - Costa’s loop and 
the squaring loop. They have similar per¬ 
formance, but Costa’s loop has some im¬ 
plementation advanuge even though tun- 
mg is a little more difficult as the two arms 
(Fig. 4) have to be accurately balanced for 
satisfactory performance. Once acquired a 
signal should be introduced to hold the 
input to the voltage-controlled oscillator 
steady. 

Surface wave filter and recirculation 
loop. The main purpose of using a surface 
matched filter and recirculation loop is to 
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Fig. 4. A d.p.s.k. demodulator that can operate under low s/n ratio is the Costas loop, which 
requires accurate balancing of the two arms. Loop filter is similar to that used in phase- 
locked loops. 



Fig. S. Received signal is digitally correlated with local signal and filtered. If more than half 
of the bits are in error it is taken to represent the inverted sequence, and if correct it is a true 
sequence. The composite correlation function for a delay-lock loop has a double-peaked 
triangular shape before summing in which one half of the double triangle is inverted so that 
the composite correlation has a linear region centred around the point half way between 
the two correlation maxima. When the summed output is filtered and used to control the 
receivers voltage controlled oscillator, the receivers code will track the incoming code at a 
point halfway between the maximum and minimum of the composite correlator output. 


achieve code synchronization so that the 
local code generator can be synchronized 
with the received code. As soon as code 
synchronization is obtained, the tracking 
loop is switched on and decoding by corre¬ 
lation begins. Further description of 
acoustic surface-wave matched filters is 
given later. 

A tracking loop is needed to stay in lock 
with the signal. There are two main 
methods: a uu-dithering loop, and a delay 
lock loop; the first time-shares a signal 
correlator, whereas the other uses two 
separate correlators. They have been 
found to have almost similar perform¬ 
ances: assuming ideal bandpass arm filter 
the tau-dither loop requires approximately 
IdB more S/N than the delay-locked loop, 
for equal r.m.s. tracking jitters. In a delay- 
lock loop two local reference signals are 
generated differing only by a time delay 
and may be extracted by tapping two adja¬ 
cent bits in the feedback shift register gen¬ 
erating the local sequence. This is used to 
correlate with the incoming signal. The 
correlation between output of each correla¬ 
tor is a triangular fimedon two bits wide. 
Once the system is synchronized and 
tracked the rest of the operadon uses 
. more-or-less convendonal circuits. 

The received signal is digitally corre¬ 
lated with a locally generated signal and 
the output filtered. If more than h^ of the 
received bits are in error then it is consid¬ 
ered to represent the inverted sequence 
and if they are correct it is a true sequence. 
The composite correladon funedon for a 
delay-lock loop has a double-peaked 
trian gular shape before siunming in which 
one half of the double triangle is inverted 
so that the composite correladon has a 
linear region cent^ around the point half 
way between the two correladon maxima. 
When the summed output is filtered and 
used to control the receiver’s voltage 
controlled oscillator, the receiver’s code 
will track the incoming code at a point half 
way between the maximum and minimum 
of Ae composite correlator output (Fig. S). 
A serious consequence of spectrum spread¬ 
ing is the complexity of the signal proces¬ 
sing required to extract the useful informa- 
don. 

With a direct sequence method, the 
longer the sequence used to spread the 
data energy, the greater is the security of 
the system as it resembles noise more 
closely. But this increases the synchroniza- 
don problem enormously; with a conven¬ 
donal digital correlator it would take from 
seconds to half an hour before synchroni- 
zadon is achieved. 

Other methods, such as the use of a 
combinadon of shorter sequences to form a 
long one called Gold’s code, can be used. 
The system would then have to look for 
one of these short codes which would 
shorten the sync time to some extent; it 
would also be easy for intruders to synch¬ 
ronize their systems too. 

One possible way out is to use a long 
code, then a matched filter to match a 
secdon of the long code. A matched filter 
requires an accurately synchronized clock 
to clock the bits in. A small Doppler shift 
may result in part of the signal being 


matched at one shift and the remainder at 
the next shift, so that instead of one high 
peak one obtains two smaller peaks. To 
avoid this difficulty the shift register may 
have 2N stages and be clocked at a rate of 
twice the frequency of the encoder. The 
match in this case will not be spoiled for 
fracdonal Doppler shift in frequency as 
large as D= ± 1/4N, where D=2v/C. 

Acousdc surface wave matched filters 
have the potential to revoludonise spread 
spectrum systems. They can be used for 
analogue matched filters which require no 
clocking. But the problem is that the 
longer the code to be matched the greater 
the cost of fabricadon. 


Comparison between surface wave 
and charge transfer filters. 



Surface 

wave 

Charge 

transfer 

Centre 

frequency 

lOMtolGHz 

20MHz max 

Insertion loss 

6dB min 

nil 

Storage time 

depends on 
length 

Is 

Length 
limited by 

losses 

c.t.eff.(<2) 

Signal 

bandwidth 

SOkHzto 

0.4f. 

<'h clock 


Another sort of long-transversal-type 
matched filtering may be possible with the 
help of charge-transfer devices. The prin¬ 
ciple advantages of c.t.d. transversal filters 
are tunability and flexibility in spectral 
characterisde. Filter length is limited by 
tap-weight inaccuracy and weighting-coef¬ 
ficient error poses a severe limitadon on 
many applicadons. 

If the sequence is of length 2047 bits then 
the surface-ware matched filter must have 
pre-programmed or programmable 2047 
electrodes plus the launcher electrodes. 
This increases the fabricadon problems, 
though when used this would give execel- 
lent two-valued autocorreladon. So a study 
was made to reduce the number of 
electrodes in the matched filter. 

In a sequence of length 2°*— 1 bits any 
secdon of m bits will appear only once. 
Called the “window effect”, this property 
is true because the polynomial is primidve, 
which also implies that if n is an integral 
number then any consecudve length of mn 
bits would occur only once. With the help 
of a computer program, a sequence of 
length 2047 was generated. Out of these 
2047 bits generated by an 11 bit shift regis¬ 
ter for the length N=2“-1, a set of 11 bits 
were picked up at random. This set was 
then ^d along the sequence of 2047 bits 
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and the normalized correlation fimction at 
all [wsitions calculated. This was tabulated 
along with the number of times certain 
values occurred 

agreements -disagreements 


total number of bits 

Sliding correlation for m=11 bits 
with 2^^-1=2047 in sequence._ 

Normalized correlation Number of times 
of random 11 bit value occurs 

window 


1.00 

0.81 

0.63 

0.45 

0.27 


-0.45 

-0.27 

-0.09 


The correlation values are pretty well bal¬ 
anced due to the random characteristic of 
the occurrence of Os and Is. If an eleven- 
bit matched filter correlates the 2047 bit 
sequence, the outputs would appear 
proportional to the correlation values. As 
the maximum value of 1.00 occurs only 
once (the autocorrelation function of the 
11 bits) and if this can be detected in the 
output it would drastically reduce the 
synchronization delay, at much reduced 
hardware complexity. Unfortunately the 
next lower value is 0.81, and this occurs 
ten times in the sequence and would give 
high sidelobes. In the case of high Gaus¬ 
sian noise it would result in many false 
alarms. 

A second study was made with a ran¬ 
domly picked window of length nm where 
n=2 i.e. of length 22 bits. The table shows 
the highest correlation achieved: . 


Normalized correlation Number of times 
of random 22 bit value occurs 

window 



Rg. 6. Recirculation loop enhances otherwise noisy output. As data rate is fixed, section of 
the sequence appears after a fixed time T. The first output is delayed by T so that it reaches 
the input of the summer at the same time as the next output of the filter arrives. The output 
of the summer would go on increasing until a threshold is reached, when the gate would 
open and sync achieved. A tt.l. version of the recirculation loop is shown at bottom. 


So this tends to give slightly improved 
sidelobe-to-signal characteristic, as ex¬ 
pected. 

A third program attempted to reduce 
the sidelobn. This picks up two 11 bits 
adjacent to each other. If R1 is the value of 
the correlation of the first 11 bits with the 
section of the main sequence and R2 for 
the next 11 bits, then R=R1*R2 is the 
output of the simulated correlator. This 
gave some interesting results. The side- 
lobes were drastically reduced. Also the 
number of occurrences of the sidelobes or 
high correlation is much reduced. So most 
of the time the output re mains pretty low, 
as tabulated below: 


Normalized correlation Number of times 
of random 11 bit value occurs 

window 


1.00 

0.52 

0.40 

0.37 

Remainder gO.28. 


2 

2 

2 



After obtaining an M.Sc. in electronics 
from the University of Kent at 
Canterbury, Noman Mahmood worked 
at the same place as an Experimental 
Officer for three years. He is presently 
working as Development Engineer with 
Chalwest Ltd, subsidiary of the 
Ladbroke Group, dealing with 
microprocessor control systems. 


It may therefore be possible to reduce ±e 
number of electrodes required in a surface 
ware device by using two 11-bit matched 
filters and multiplying the outputs, thus 
drastically cutting down on the cost of 
having a long matched filter. In practice 
the effect of noise would reduce perform¬ 
ance of such a device. The output may be 
amplified using a conventional amplifier, 
but this would also amplify the noise and 
sidelobes. 

A method using a recirculation loop as 
in Fig. 6 may be used to enhance the out¬ 
put. As the data rate is fixed our section of 
the sequence appears after a fixed time T. 
The first output is delayed by T so that it 
reaches the input of the summer at the 
same time as the next output of the filter 
arrives. The output of the summer would 
go on increasing until a threshold is 
reached, when the gate would open and 
sync would be achieved. False sync cannot 
occur as it will have to be caused by ran¬ 
dom errors which do not always occur at 
the same time. A t.t.l. version of the recir¬ 
culation loop also shown. \5)1aS^ 
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MEASURING WOW 
AND FLUHER 

For use in the servicing and testing 
of recording and sound studio 
equipment, the Bang & Olufsen 
wow-and-flutter meter has been 
improved by the inclusion of a 
high-stability, crystal-controlled 
3. ISkHz osdUator for very accurate 
measurements. Wow from 0.2 to 
lOHz, fluner from 10 to 300Hz or 
wow and flutter combined can be 
measured linearly or weighted to an 
accuracy of 0.003%. Drift in speed 
may be measured from 0.03% to 
20% relative to the oscillator 
frequency. 

The WM lA meter includes a 
frequency spectrum analyser which 
can determine which wow or flutter 
frequencies are dominant and thus 
help to point to any faulty rotating 
component, be it idler, belt drive, 
motor or bouings, etc. The meter 
costs £682 from David Bisset Ltd, 
52 Luton Lane, Redbourn, Herts 
AL3 7PY. 

WW301 


SOLID-STATE 

RELAYS 

The Sigma range of relays are 
capable of switching lOA a.c. loads 
arid remaind unharmed by surges 
of up to 60A. The design 
guarantees leakage to be less than 
1mA and meets standard 
requirements for isolation when 
used in 120 or 240V line 
Implications. The relay is mounted 
on a heat-sink base which is isolated 
and has TO-3 spacing for mounting 
on external heat sink or chassis. 
Input control voltages range from 3 
to 24V with a drive current of 6mA. 
This, combined with zero-crossing 
switching eliminates interference 
and enables the relays to be 
operated by microprocessor or t.t.l. 
logic circuits. Zero-crossing 
switching makes the relays useful in 
filament lighting applications, 
providing them with high-speed 
starting. Unimadc Engineers Ltd, 
122 Granville Road, London NW2 
2LN. 

WW302 
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MINI LASER TUBES 

Intended for use in compact 
alignment and aiming systems the 
CWR LTIRG is a miniature HeNe 
laser tube with an output power of 
greater than ImW t.e.m. It gives a 
0.64mm diameter output beam 
with divergence of 1.27mrads. It 
requires 1150V at 3.5mA to operate 
and a suitable battery power supply 
is available. Because of its sturdy 
construction, the tube may be used 
in conditions where it may be 
subject to extreme shock. Laser 
Lines Ltd, 19 West Bar, Banbury, 
OxonOX169SA. 

WW304 





COMPUTING METER 

Based around a 6502 
microprocessor, the Thurlby DM 
1905a is a 5V4-digit bench 
multimeter with extensive 
calculating and data-storage 
facilities. There is 8K of rom which 
is used to control the a-to-d 
converter, the display and 
keyboard, and all the calculating 
functions. 

A full range of measuring 
functions is available; direct 
voltage from IfiV to 1,100V; 
alternating voltage from lO^V to 
750V; resistance from Imfl to 
21Mn; d.c. from InA to 5A and 
a.c. from lOnA to 5A. Accuracy 
over a year is 0.015%. 

Twenty keys are built in to give 


access to the computing functions, 
which include linear scaling with 
offset, percentage deviation, limits 
comparison, offset zero, dB and 
general logarithmic calculations. 
Automatic data logging is available 
and up to 100 readings can be 
stored in memory at programmed 
intervals. The meter can keep a 
running average and the highest 
and lowest of a set of readings. 
Priced at £298 (-1- v.a.t.), Thurlby 
claim that the meter is in the same 
bracket as many general purpose 
d.m.ms that don’t have the 
computing facility. Thurlby 
Electronics Ltd, Coach Mews, St 
Ives, Huntingdon, Cambs PE17 
4BN. 

WW305 


UNISEX 

CONNECTORS 

It is no longer necessary to specify 
male or female when the Jaguar 
power cormectors are used. The 
manufacturers describe them as 
hermaphrodite and the contacts are 
the same for both halves of a 
connected pair. Wires do not need 
to be strip^ of insulation, as the 


contacts pierce the insulation when 
the wires are installed. Various wire 
gauges may be used in the same 
connector which is rated at 12A. 
Various colours are available to 
indicate which pairs are connected. 
Different cormectors can 
accommodate one to six wires and 
various colours are available to 
identify which pairs are connected. 
The nylon cormectors slide together 
and are provided with a keyway to 
hold them. Methode International 
Inc, PO Box 98, Berkhamsted, 
Herts HP42AT. 
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EEPROM CHANGES 
A WORD AT A TIME 

Designed as a replacement for 
circuit board d.i.p. switches, as 
may be used in computer terminals, 
present calibration references in 
instruments, and intelligent control 
applications, the ERS901 is a Ik-bit 
word-alterable electronically 
erasable prom. It operates at SV in 
all modes and has an automatic 
erase/write cycle, data and address 
latches are on the chip. Access time 
is less than 250ns and the minimum 
data retention capability (how long 
it remembers) is 10 years. .General 
Instruments Microelectronics Ltd, 
Times House, Ruislip, Middlesex 
HA4 8LE. 

WW306 


AREA METER 

A standard c.c.t.v. camera can be 
used to measure the area of an 
object or any image that can be seen 
in high contrast. The Delta-T area 
meter displays the area in view, a 
cumulative total of the areas 
measured and the number of 
measurements. Objects moving 
past the camera can be 
automatically measured and 
counted. The readings can be 
transferred by a digititl interface to 



an alarm system for use with 
process control. 

Applications for the meter 
include industrial control, the 
measurement of photographs, for 
example X-rays, the counting 
and sizing of many things including 
fish (I), the lengths of roots, studies 
of diseased leaves, etc. 

For those with tv equipment the 
meter costs £440. It is available as a 
complete system including tv 
camera and monitor, calnera stand 


and light box for £990. Prices 
exclude v.a.t. and freight. The 
company that manufactures the 
meter is a workers’ co-operative 
wholly owned and controlled by its 
nine members. It has expanded in 
12 years from its one founder 
member. Delta-T Devices Ltd, 128 
Low Road, Burwell, Cambridge 
CB5 0EJ. 

WW307 


TV SOUND RECEIVER 

Assuming that a large number of 
viewers also have hi-fi equipment, 
Kingsbrook Marketing bve 
designed and developed a tv sound 
tuner to take full advantage of the 
transmitted sound by feeding 
sound to the hi-fi amplifier with a 
re-modulated r.f. sipial to the tv. 
They claim to use a very high 
quality tuner which indudes a 
surface acoustic-wave filter. There 
are six preset channels, of which 
one may be used for a video 
recorder. The audio fiequency 
response is 30Hz to 12kHz ± IdB 
wiA a total harmonic distortion less 
than 1%. The tuner incorporates 
the National Semiconductor 
dynamic noise reduction (DNR) 
integrated circuit, and also 
Viosound, a method of spreading 
the output between two speakers to 
give a spadous sound quality. 

The r.f. output to the tv set is at a 
fixed frequency (channd 36) so 
channd switcbdng is transferred to 
the new tuner. This eliminates the 
sound distortion of the picture in 
high signal areas. Its full title is the 
VTIOOO Tele Video Tuner and is 
available from a number of audio 
dealers at £99.50. Kingsbrook 
Marketing Co Ltd, 29 Heathfield, 
Stacey Bushes, Milton Keynes 
MK12 6HR. 

WW308 


VIDEO COLOUR 
BALANCE METER 

In our item on the Invotron Meter 
(January) it was stated that the 
meter is used tvith an oscilloscope. 
In fact it is designed to be used 
instead of a ’scope and, being hand¬ 
held, is useful where it is not 
convenient to use an oscilloscope to 
check the illumination level for tv 
smdios or outside locations. 
Invotron, of Dublin, have informed 
us that the meter is now available in 
the UK through Shipping Services 
Ltd, 9/15 Grundy Street, Liverpool 
L59YH. 

WW309 


MAINS FILTER FOR 
MICROCOMPUTERS 

Spikes and holes in the power 
supply can cause havoc in a 
microcomputer. Programs or data 
can be lost or corrupted. A solution 
is provided in a mains filter from 
Power International; fitting into an 
enlarged 13A plug it is called ‘The 
Plug’. It provides mains voltage, up 



to 4A current and as well as 
transient supression it also protects 
against radio-frequency 
interference. The Plug may be used 
on any portable electronic 
equipment which may need such 
protection. It costs £15.50 inclusive 
from Power International Ltd, 2A 
Isambard Brunei Road, 
Portsmouth, Hants POl 2DU. 
WW310 


HYBRID 

ASSEMBLIES 

A prototypying service of hybrid 
circuits using leadless passive 
components and semiconductors 
directly mounted on to printed 
wiring boards, is offered by AB 
Microelectronics. The process has 
been developed to provide low 
power circuitry where 
miniaturization is essential at low 
cost. This is possible because of the 
mechanized assembly methods 
used. 

The degree of miniaturization is 
comparable to that of thick-film 
drcuiu, thoi^ the temperature 
range is restricted to 0 to 8S*C for 
the FR4 circuits. Polyimide circuits 
have a greater rai^. The packages 
have leads at 0.1 in. pitch for both 
sii^e and dual in-line styles. AB 
Microelectronics, Dinas, Rhondda, 
Mid Glamorgan. 

WW311 


C.R.T. POWER 

A power supply specifically for use 
with high-definidon cathode-ray 
tubes has been developed by Wallis 
Electronics. The three outputs are 
for the main anode (10 to 12kV at 
25|iA beam current), the focus 
anode (2.4 to 4kV at 250^A) and 
the third anode (300 to 600\0. The 
focus voltage can be switched to 
200V in lOOps to correct for 
defocusing at the edge of the c.r.t. 
The unit is intended for c.r.ts with 
fibre-opdc face plates which are 
used in phototypesetting, computer 
microfilm storage and other 
precision applicadons. It has high 
stability against changes in supply 
voltage and is guaranteed a drift of 
better than 500p.p.m. over eight 
hours. Wallis Electronics Ltd, 
Decoy Road, Worthing, Sussex 
BN148ND. 

WW312 


If you would like more 
information on any of the 
items featured here, enter 
the appropriate WW 
reference numberfs) on the 
mauve reply-paid card. 
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Electronics and 
Computing Monthly looks at a 
computer as the beginning of 
something interesting rather 
than an end in itself. 

We thought that using a 
micro to drive something other 
than a TV screen could open up 
fascinating possibilities. 

A few simple circuits, 
used as building blocks, can 
stretch your computer, your 
imagination and your fun, a 
long way. 

If you understand the 
basics of digital electronics, 
you’ll appreciate the fun you can 

WHERE ELECTRONICS 


have by 
linking logic 
circuits to your micro. 

If you don’t, then 
read our new series which 
starts this month and explains 
digital electronic circuits from 
basics. Also this month, we 
show you how to build an infra¬ 
red remote controller for your 
micro. 

That’s what Electronics 
and Computing is all about- 
giving you ideas for new 


applications,and giving you 
the software to expand your 
micro. Project by project we 
show you how to add another 
dimension to your computer. 

For example, in this 
month’s issue we explain 
dialogue programming using 
the PILOT system - what it is 
and how it works. 

And inside is enough 
information to build your ow^ 
hi-res graphics computer.^ 

All you need is a^ 
hot soldering iron ^ 
and a cool 75p. 


AND COMPUTING INTERFACE. 


WIRELESS WORLD MARCH 1983 


83 
















□PUS SUPPLIES 


SPECIAL OFFERS 


DISC DRIVE DISCOUNTS 


FD200 51 / 4 " S/S D/D only £99.95 for¬ 
matted 175K Byte. 

FD514 8" S/S D/D only £149 formatted 
600K Byte. 

FD650 8" D/S D/D only £199 Formatted 
1.2 Megabyte. 

Manufactured by Pertec Corporation. 
Factory fresh - 90-day warranty. Shu- 
gart compatible. 




TEAC DISC DRIVES 


TEAC 55E Mini S/S 80-track formatted 
single density 200K, double density 400K 

.Only £179 

TEAC 55F Mini D/S 80-track formatted 
single density 400K, double density 800K 
.Only £229 

★ Ideal for use with BBC Micro 

★ Full warranty 

★ Low power consumption 

★ Slimline - latest technology 


other goods £7 and 11 


. 22 INCH RGB COLOUR MONITOR ^ 
^ ONLY £99.95 ^ 


We have available a limited quantity of VMC 22 Colour 
Monitors with free isolating transformers. The Monitor has 
a 22” Mullard 110“C CRT and for shipping purposes the 
CRT and scan coil assembly are separate from the chassis. 
The lugs of the CRT allow it to be mounted in a standard 
22” colour TV cabinet or a unit of your own design. The 
unit is assembled by plugging the wires from the chassis to 
the tube and soldering the power connector, input connec¬ 
tor and isolating transformers. 

A comprehensive instruction sheet and circuit diagrams 
are included. 




CDMPUTER FURNITURE 


For home use - houses your micro/momto^cassette 
player/drives, etc. Send for details. nEAUER 

Computer furniture - forthe office. ,SrtiilR\ES 

10 Models available. 


LOOK I 


TEC Starwriter FP - 
Serial Interface. 


A DAISY WHEEL PRINTER 
ONLY £499 


1500-25. 25 CPS, Friction Feed 


OPUS SUPPLIES, 10 BECKENHAM GROVE, SHORTLANDS, KENT 
Tel: 01-464 5040 or 01 -464 1598 


WW-067 FOR FURTHER DETAILS 


Sowter 

Transformers 


With 40 years' experie 


le design and manufacture of se 


thousand transforr 

AUDIO FREQUENCY 
TRANSFORMERS OF EVERY TYPE 

YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES 

Microphone transformers laii types). Microphone Splitter/Combiner transfor¬ 
mers. input and Output transformers. Direct injection transformers for Guitars, 
Multi-Secondary output transformers. Bridging transformers. Line transformers. 
Line transformers to G.P.O. Isoiating Test Specification, Tapped impedance 
matching transformers. Gramophone Pickup transformers. Audio Mixing Desk 
transformers (ali types). Miniature transformers. Microminiature transformers for 
PCB mounting. Experimental transformers. Ultra low frequency transformers. 
Ultra linear and other transformers for Transistor and Valve Amplifiers up to 500 
watts. Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli¬ 
fier to too volt line transformers (from a few watts up to 1,000 watts), 100 volt line 
transformers to speakers. Speaker matching transformers (all powers). Column 
Loudspeaker transformers up to 300 watts or more. 

We (an design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR 
P.A. QUALITY, OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE 
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard 
wpos are in stock and normal dispatch times are short and sensible. 
pUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES, 
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS, 
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we 
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIIDDLE EAST, etc. 
Send for^ur questionnaire which, when completed, enables us to post quota- 

E. A. Sowter Ltd. 


Th« Boat Yard. Culllngham Road. Ipawich IP1 2E&, Suffc 
■* O. Box 36. Ipawfch. IP1 2EL. England 
lona: 0473 82794 and 0473 219390 
Talax987703GSowtap 


WW - 038 FOR FURTHER DETAILS 


nsCILLOSCOPE typt D66 Dual 

mfQiJpMfe bsciabsM^^ 

Tract 10MHZ im 

TEKTRONIX OSCILLOSCOPE typt $47 with 1A1. Dual 
TEKTRONIX STORAGE OSCILLOSCOPE typt 5648 


J^m^^SptctnimM 


B&KLEVEL RECORDER typt 230 

B & K BAND PASS FILTER SET typt 1612. *30% 

B & K RANDOM NOISE GENERATOR typt 14Q2....i3! 

B & K EXTENSION FILTER SET typt 1620. tm 

B & K ELECTRONIC VOLTM^R typt 2409 2HZ- 
B & K AibrOMATlC VIBRAn 
?? K AUtOMATIC VIBRA'nbN 
SSTrconifm/am'sig^ 

1.5-220MHZ.AM/FMMod fMI 

MARCONI CIRCUIT MAGNIFICATION METER TF1245 
with TF1248 OSCILLATOR 40HZ-S0MHZ. ““ 


2 MARCONI VACUUM TUBE VOLTMEf 

3 ^RMNl' WF^ 

4 DECCA PArcbLOUR BARbENEF^^^ 


_KHZSmt/Sautft _ 

a ADVANCE LF OSCIIlATOR typt HIE I5HZ-S0KHZ 
B AOVAlJcrRF SIGNAL GENERATOR typt E2 lOOKHZ- 
0 PYE SCAIAMP ELECTROSTATIC VOLTMETER 0- 

I" ELECTROStAtic WLTniii^R 
I” ELECTROSWic'vbL™m 
i''"Eli'ct'RbstAflc‘‘w^ 

16 Afi^CE'DliifAL MULTIMETER typt DMMl....iS 

16 SOIARTBON DIGITAL VOLTMETER typt LM1240 £S 

17 TMK MULTIMETER Mo6tl 700. lOMm ptf VoR. 

a AV?MfriM^M^72.Con»tcL.fl2 

a UNSTEAD LF. SIGNAL GENERATOR typt 62 10HZ- 

100KHZ. Smt/SMtra. Ctrnptct. £» 

iRTRON DIGITAL VOLTMETER typt LM1420.2 


RACAL DIGITAL FREQUENCY MEHR typt SAS20 M 


7 TAYLOR VALVE TESTER Modal 4602.. 

6 ROBAND TRANSISTORISED SUPPLY typt TI06 0- 

9 RANK FLUTTER MFER typt 1740. 09 

0 PYE SCALAMP ELECTROSTATIC VOLMETERMOKV 


M06RAPH RECORDER TEST SET typt RTS2 
3SW PAL COLOUR BAR GENERATOR 

IER typt . 

I6TH METER. 


STOCKISTS of NEW SCOPEX&SAFGANOSClUO- I 

EQUIPMENT & COMPONENTS in Stock. For 
FURTHER DETAILS CONTACT DWAYNE STEWART. 



^ STEWART OF READING ~ 

110 VVYKEIUMRIMD,REiUIIII6, berks R861PL 
tal: 1^ 18641 

Callers wel(x>me 9am-5.30pm Monday to Saturday inclusive 


WW - 043 FOR FURTHER DETAILS 
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RST 

.ANGREX SUPPLIES LTD 

Climax House, FaUsbrook Rd., Streatham, London SW16 6ED 

Tel: 01 -677 2424 Telex: 946708 R ST 

SEMICON 

AFZll 4 !m 

IM 

Dl 

BC 

BC 

BC 

BC 

BC 

BC 

JCT( 

RS 

11 j| 

ill ri 

BTYW400R'|^ 

^U56 tS 

B 1 

Si ll 


11* ii 

WM19 rx 

S w 

VALVES 

1 

i 

1 

1 i-3 

1^^504 !!m 

s!m 

pE^N 3o!m 

Swilo its 

QQvon-to^’^ 

11 

< ytsOO 175 

STV280-80^^ 

TYttoOoi” 

TY6-5000^ 

: 

^2^ its 

IHiS 

zm!|i Im 

ImIMI 16M 

ii is 

2J70A |M.OO 

tSsA I'm 

6AQ5 2.25 

6AS6 iM 

6AS7G 8.75 

6AT6 1.25 

WUMT 5.8J 

^5GT I'm 

^6 I’SO 

^A tS 

Sj? tis 

6BK4 4.5# 

®L7GT *4*5 

1 1 

iS 

6Q7 .75 

Sa7 S 

lijiTT mlS 

42^H 3m!S 

IISb its 

B/^ES ^ 

^Aduned 

1 

CRTs^^ 

1 1 

Is, ii 

vSsiTc lo!oo 

INTEG 

RATED Cll 

IGUITS 

i 1 

ill 1 

74190 IM 

S 11 

; |A7^ tp 

Hi i i 

Termi of business: CWO. Postsge end pecking velves end semiconductors 50p per order. CRTs £1.S0. Prices excluding VAT, sdd 1S%. Te ephone 01-677 2424/7 

Price ruling et time of despetch. , ^ 

In some ceses prices of Mullerd end USA velves will be higher then those edvertised. PricM correct when going to pr^. E. & O.E. 

Account fecilKies evsileble to epproved compenies with minimum order cherge £10. Cerriege end pecking £1.50 on credit orders, open to cellers Mondsy-Fridsy 9 e.m.-5 p.m. 
Over 10,000 types of velves, tubes end semiconductors in stock. Ouotetions for sny types not listed. SA.E. , 
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Backplane bus standards 

a special issue of 

Microprocessors and Microsystems 

Guest Editor: Paul Borrill (University College, London) 

This special issue contains six full-length articles on the major backplane 
buses, detailing their specifications, modifications, special features and 
the technical and political problems of agreeing their standard format. 

STD bus by the proposer of STD on Eurocard, Tim Elsmore 

S100 bus by the S100 MSC chairman, 

Mark Caretz 

Multibus by the Multibus MSC chairman,Rich Boberg 
VERSAbuS and VMEbuS by Motorola 

bus development manager. Rich deBock 

EurobuS by UK Ministry of Defence 
executive, John Hill 

Futurebus (P896) bytheP8% 

MSC secretary, Paul Borrill 




Quick, neat and easy! 

It's so easy and tidy with the Easibind 
binder to file your copies away. Each 
binder is designed to hold six issues and is 
attractively bound and blocked with the 
WIRELESS WORLD logo. 

Price U.K. £4.30 including postage, pack¬ 
ing and V.A.T. 

Overseas orders add 25p per binder 
Nat. Giro No. 5157552. 


Payment by ACCESS/BARCLAYCARD/ 
VISA. Send coupon below detailing credit 
card no. and signature. 

Why not place your order now? Send the 
completed coupon below with remittance 
payable to: 


Order Form WIRELESS WORLD 


N1 6NS 


I enclose P.O/cheque value.for.... 

Years required. 

BLOCK LETTERS PLEASE 


STEREO MICROPHONE AMPLIRER 



• Variety of low frequency 
characteristics for im¬ 
proving the clarity of 


• Complete boxed unit or 
double mumetal screened 
amplifier module alone 

Sany EtecbMO Lii, 11m Fws^ Lacks Gre«, CmleiA 
GWTBGBdMd. let 0483 275997 


ScheTronics Limited 

We offer the following services 

★ Repair and calibration of precision electronic 
test equipment 

★ Prototype wiring of P.C.Bs 

★ Technical drawing facilities 

★ Second user test equipment for sale 

Unit 10, Dunstall Estate 
Crabtree Manorway 
Belvedere, Kent DA17 6AW 
Telephone: 01-311 9657 
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ET fl IICOMI HOME OFFICE APPROVED RADIO 
The ICM-12. synthesized, marine 
hand-portable radio 

FEATURES: 

• 12 channels - 6 and 16 fitted as standard. 

• No waiting for crystals, can be diode pro¬ 
grammed between 156-164MHZ. 

• Automatic semi-duplex for private and 
link calls. 

• Slide-on nicad pack recharges from mains 
or 12V. 

• Lots of options, speaker mics, alternative 
battery packs, 12V leads, and desk charg¬ 
ers. 

• Complete with nicad battery pack, mains 
charger, belt clip, earphone, rubber 
antenna. 

• PRICE £219 +VAT. Free carriage. 


LAND MOBILE 
BUSINESS BAND 
RADIO 

VHP and UHF base, 
mobiles and hand 
portables. Built in Sel- 
call and CTCSS; very 
compact indeed. 
Synthesized - Diode - 
Programmed. 

DealersI Forget your crystal problemsi Very competitive 
prices. 

Dealer outlets required. Ask for Chris Lambert. 

Thanet Electronics B3 Iicom| 

143 Reculver Road, Herne Bay, Kent 
Tel: 02273 63859. Telex 965179 



WW - 030 FOR FURTHER DETAILS 


Telequipment D83 50MHz Dual Trace. 

Telequipment D61A 10MHz Dual Trace. 

Telequipment S54A 10MHz Single Trace.... 


Tek.M Plug-in 4-Chai 
PDP8/F Computer.... 


Marconi TF2600 VI 
Tek. 661 Sampling Scope + 4F1 and 5T3PI... 


Racai Dana ''mi® 9-digit 100MHz Counter v 

interfaced, immaculate condition. 

Tok.647Air- ■ 


Hitachi 15MHz Dual Trace.... 
Hitachi 35MHz Dual Trace.... 


TEST EQUIPMENT 


J. J. Lloyd PL51 X-Y Plotter.... 
Marconi TF1313 LCR Bridge.. 


Tek. 1A1 Plug-in. 

Philips Gas Chromatography 


Computerised Digitiser System.P.O.A. 


“ol^^H. 

I. & S. SMAF Generator AM/FM. 

Scopex 4D1010MHz Scopes. 

Radiometer SGI Stereo Generator 
Telequipment D67 25MHz Scopes 
Brookdeal Ortholoc Vector Voltme 


ca 


...£150 

.£195 

Ortholoc Vector Voltmeter and Lock-in Amplifier with plug-ins 
.Ca'idage additional : All prices exc. V.A.T. 

TIMEBASE m 

94 ALFRISTON GARDENS H 

SHOUNG, SOUTHAMPTON S02 8FU 
TEL: 431323 (0703) 


WW-069 FOR FURTHER DETAILS 


TOROIDAL 


(\ 


Our large standard range is complemented by our SPECIAL 
DESIGN section which can offer a prototype service within 
7 DAYS together with a short lead time on quantity orders which 
can be programmed to your requirements with no price penalty. 



£5.70 


£a08 


£7.91 


it 294 TYPES TO CHOOSE FROR! 
it ORDERS DESPATCHED WITHIHI 
DITS or RECEIPT FOR SIHCLE OR 
SHULQDINTITT ORDERS 
it S TEU NO QDIDBLE CUmNTEE 


£9.20 


£iai7 

+p/^a.w 


TOTAL £18.26 


£iai3 

+p^pgM 


The benefits of ILP toroidal transformers 

ILP toroidal transformers are only half the weight and height of their laminated 
equivalents, and are available with 1 tOV, 220V or 240V primaries coded as follows: 

For 110V primary Insert "0" in place of "X" In type number. 

For 220V primary (Europe) insert “1" in place of "X" in type number. 

For 240V primary (UK) insert “2" in place of “X” in type number. 

How to order Freepost: 

Use this coupon, or a separate sheet of paper, to order these products, or any 
products from other ILP Electronics advertisements. No stamp Is needed if you address to 
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd. 
Access and Barclaycard welcome. All U K orders sent within 7 days of receipt of order for 
single and small quantity orders. 


Total purchase price _ 

I enclose Cheque Q 
Debit my Access/Barclaycard N( 


al Orders I I 


It. Money Order I 1 


Post to: ILP Electronics Ltd., Freepost 5, Srehein Bell House, Roper Close 
Canterbury CT2 7EP, Kent. England, 
slophone Sales (0227) 54778: Technical (0227) 64723: Telex 965780. 





HHibBI HH ILP Electronics Ltd) - 

THAIVSFORMERS ^ 
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Basic 


* {i 5 ssr«‘Ss;".''”” 


•instant ROM 'S'*’® / H5 a\ 

case send for full infob / 

_ please SEN I bj,3^24Bi 


excluding VAT; 

l/VGE WITHIN THE 


Essex Electronics Centre 

Wivenhoe Park, Colchester, Essex 004 3SQ 
Telephone: Colchester (0206) 865089 


W - 046 FOE FURTHER DETAILS 



Visual monitoring of anything, 
anywhere, by phone, in seconds, 
with Robot Phoneline TV. 

Robot’* Phonollno TV cyttom* provldo a low-oo*!, afflclant aoiutfon to 
tha probiam of viauatty monitoring ramota inatallation*, metaia, gaugM, 
traffic, waatfwr, wator iavat*, or any aul^act, larm or small. O Tha 
Phonalina TV aquipmont works wail with standard OCTV aqutpmant and 
eonvarts tha broadband vidao signal from tha camars to narrow band 
audio ton** for transmission vis tha dial tsiaphons natwork or vole* 
(pad* radio, than to a vidao signal again for display on a monitor at tha 
racaiving and. Tha antira procass takas as littia as 4 saconds and costt 
only tha amount of tha phono eait. Q Sinca ona or mora eamaras can be 
fad to on* or mora monitoring stations for viawing saquantialiy or 
simuitanaously, and sinca tha sratsm can ba fully automatad, thara is an 
almost infinita mimbar of PLTV systam con^ration* possibi*. n 
n*-- --,----,---<i»n* on audto 


ing of any sutHlact anyptaea. Robot Phonatin* TV^t 
or call for mora information 
and daacriptiva Uteratura. 

Robot (UK) Ltd., Building 33 
East Midlands Airport 
Castle Donington, Derby DE7 2SA ROBOT RESEARCH INC 

1332)812446. Telex: 37622 

WaMlMOmhiPhontUimTalatiMonimtlmaaaProtmtlntSfttarn* 


IbdbotI 


Haipipy MfiinniMiies 


Part type 

4116 200ns. 

loff 

25.99 

100 up 

. .77 

.69 

.66 

4116 250ns. 

. .70 

.63 

.60 

4816 100ns For BBC comp. 

. 2.25 

2.01 

1.95 

4164 200ns.... 

. 3.99 

3.56 

3.42 

2114 200ns Low power. 

. 1.15 

1.00 

.90 

2114 450ns Low power. 

.95 

.85 

.80 

4118 250ns.... 

,. 3.25 

2.85 

2.85 

6116150ns CMOS 

,. 3.55 

3.20 

2.95 

2708 450ns.... 

.. 2.60 

2.25 

2.10 

2716 450ns 5 volt 

,. 2.35 

2.10 

2.02 

2716 450 ns three rail. 

,. 5.75 

5.00 

4.65 

2732450ns Intel type. 

,. 3.50 

3.15 

3.00 

2532 450ns Texas type. 

,. 3.70 

3.30 

3.00 

Z80A-CPU.£3.95 Z80A-PI0.. 

.£2.99 

Z80A-CTC.£2.99 

6522 PIA.£3.70 7002 A-D... 

.£4.60 

3691. 

.£2.75 

RRIS17n £9 7(1 TRnSrfig 

.50 

7812reg 

.50 

Low-profile 1C sockets: Pins 8 

14 16 

18 20 22 

! 24 28 40 

Pence 9 

10 11 

14 15 U 

1 19 25 33 


Soft-sectored floppy discs per 10 in plastic library case: 

5-inch SSSD £17.00 5-inch SSDD £19.25 5-inch DSDD £21.00 
5-inch DSQD £26.25 

8-inch SSSD £19.25 8-inch SSDD £23.65 8-inch DSDD £25.50 
74LS Series TTL: Large stocks at low prices with D.I.Y. discounts 
starting at a mix of just 25 pieces - write or phone for list. 
Please add 50p post and packing to orders under £15 and VAT to total 
Access A Vise welcome. 24-hour sorvice on 1054 422) SIS 
Government end educational orders welcome, £15 minimum 
Trade accounts operated - phone or write for details 

HAPPY MEMORIES (WW) 

Gladestry, Kington 
Herefordshire HRS 3NY 
Telephone: (054 422) 618 or 628 
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VARIABLE VOLTAGE TRANSFORMERS 



LOW COST PROFESSIOIMAL TEST IIMSTRUMEIMTS 



Selemic 

Hand Held 
Analogue and 
Digital 
Multimeters 

16 Models 
from £18.75 



★ FREQUENCY METERS 

★ ANALOGUE MULTIMETERS 

★ DIGITAL MULTIMETERS 

★ FUNCTION GENERATOR 

★ OSCILLOSCOPES 

★ POWER SUPPLIES 

★ LOGIC PROBE 

★ SCOPE PROBES 


Black Star Ltd. 

9A, Crown Street 
St. Ives, Huntingdon 
Cambs. PE17 4EB 
Tel; (0480)62440 Telex 32339 


WW - 047 FOR FURTHER DETAILS 


WE PURCHASE 

Surplus component stocks, redundant materials, obso¬ 
lete computers, for cash. 

We also collect - distance no object. Just call: 

C. T. Electronics (Acton) 
Ltd. 

267 & 270 Acton Lane, London W4 5DG 
Telephone: 01-7471555; 01-994 6275. Telex: 291429 
WW - 071 FOR FURTHER DETAILS 


WRONG TIME? 

MSF CLOCK is ALWAYS CORRECT - never gains or loses, SELF 
SETTING at switch-on, 8 digits show Date, Hours, Minutes and 
Seconds, 24 hour format, larger digit Hours and Minutes for 
easy QUICK-GLANCE time, auto GMT/BST and leap year, can 
expand to Years, Months and Milliseconds and work as 
STOPCLOCK, parallel BCD (including Weekday) output for 
alarm etc and audio to record and snow time on playback, 
receives Rugby 60KHz atomic time signals, built-in antenna, 
lOOOKm range, GET the RIGHT TIME, £69.60. 

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data output for 
computer etc, decoding details and Basic listings, £22.20. 

Each fun-to-build kit (ready made to order) includes all parts, 
printed circuit, case, instructions, by-return postage etc, money 
back assurance so GET yours NOW. 

CAMBRIDGE KITS 

45 (WQ) Old School Lano, Milton, Cambridge 
Talaphona: 860150 


WIRELESS WORLD MARCH 1983 


89 














































Marconi 

iypeR1020 

Hinged Antenna 
Coiumn. 


Easy to raise 
Easy to lower 


* Immensely strong corrosion 
resistant MATHWEB* grp. column 
in a rugged steel tabernacle 

* Lightweight, easy to install, and can 
be safely lowered by one man 

' * Can support a number of VHF/UHF 
antennas 

* Column supplied in range of colours 
including ICAO orange/white, and 
requires no painting or maintenance 

* Available in heights from 11 to 
19.5 metres 



OTHER MARCONI SUPPORT STRUCTURES 

Include the MATHWEB* Lattice Antenna Mast Type 
RIOIO, and the Triangular Section Tubular Steel Self 
Supporting Tower Type R1060. 

fer more information talk to Chris Ftettitt, Marketing 
Manager Antenna Systems Division. 

• MATHWEB is a registered trademark of ttie BP Group 

Marconi 

Communication Systems 

Antenna Systems Division 

Marconi Communication Systems Limited, 

Lane Works, Waterhouse Lane, Chelmsford CMl 2QX, England 
Tel; 0245 353221 Telex: 99108 

A GEC-Marconi Electronics Company 


WW - 022 FOR FURTHER DETAILS 



CHILTERIM ELECTROIMICS 

INCREDIBLE SCOOP PURCHASE OF 
SUPERB HIGH RESOLUTION 

9'VIDEO MONITORS 

Look at these features: 

★ 18Mhz Bandwidth 

★ Over 85 Chars/line resolution 

★ P31 Green Screen 

★ Composite Video i/p 

★ Mains 230v 

★ Antireflective Faceplate 

★ Attractively styled case 

Why pay £120 or more? 

BRAND NEW IN MAKER'S CARTONS AT 
THE AMAZING BARGAIN PRICE OF £78 
vat extra, carriage £5 
Quantity discounts/dealer enquiries 
welcome 

THE IDEAL MATCH FOR YOUR MICRO 

High Street, Chaifont St Giles, Bucks 
HP84QH 

Telephone 02407 71234. Telex 262284 


WW - 068 FOR FURTHER DETAILS 



Well worth a closer look 


The only magazine in Britain that gives the 
amateur enthusiast and professional 
engineer alike a comprehensive up-to-date 
coverage of TV technology. 

In the March issue 
SERVICING THE SONY KV1810UB 
Restoring these now ageing sets is more 
simple than it looks. David Botto 
describes how to go about it. 
JUNKING FOR JOY 
Stripping down old sets can be a great 
source of spares. 

VINTAGE TV 

The unusual circuitry and various 
servicing problems of the Pye Model V4. 


PLUS! 

Test Report: The Unaohm colour bar generator 


Our regular servicing features 

GET A COPY TODAY 90p 
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.-the extra is OVEABILITT 


HH 103 ... £158 

Single trace 2m\//cm 
10MHz, Component 
Tester. 


HM203-4 . . . £264! 

Dual trace 2mV/cm 
20MHz, Alg Add, Invert 
X-Y, Component Tester. 


HIVI204... £365 

Dual trace 2mV/cm 
20MHz, Alg Add, Invert 
Delay T/B, Var hold-off 
Peak Auto Trig to 50MHz, 
X-Y, Single Shot, Z Mod, 
Component Tester. 

HM705 ... £588 

Dual trace 2mV/cm 
70MHz, Alg Add, Invert, 
Signal Delay, Delay T/B, 
Single Shot, Var hold-off, 
14KV P.D.A. C.R.T. 


WHAT ARE YOU DRIVING? 

INDUCTION LOOP TRANSMITTERS 

VIBRATOR/SHAKERS 

SERVOMOTORS 

MAGNETS 

CRIMSON ELEKTRIK POWER AMP MODULES HAVE DONE IT ALL 

CHOOSE our acclaimed Bipolar Modules for the best in Hi-Fi. These modules have been 
widely used by professional bodies. They are high slew, low t.h.d. devices without need 
for the output fuses that spoil fidelity. They have instantly resetable 'electronic fuse' and 
are L-bracket mounting forflexi installation. 

CHOOSE Our Mosfet Modules for the most difficult loads. These modules are rugged and 
make ideal line step-up transformer drivers. They respond down to d.c. and make excel¬ 
lent servo-driving devices. They have low d.c. offset drift due to j fet inputs. 


Export - no problem. Please write for quotation or quote your Visa/Master Charge card 


Ld^ Crimson EIcktrik 

FREEPOST, 9 Claymill Road, Leicester, LE4 7JJ, England 


For free data sheets of the full range contact: 


England 
HAMEG LTD. 

74-78 Collingdon Street, 

Luton, LU1 1RX 

Tel:(0582) 413174/Telex: 825484 

West Germany 
HAMEG Gmbh 
6 Frankfurt am Main 71, 
Kelsterbacher Str. 15-19 
Tel; 0611/676017 Telex: 


HAMEG S.A.R.L. 

5-9 Avenue de la Republique 
94800 Villejuif, 

Tel :678.09.98/Tel ex: 270705 


88-90 Harbor Rd., 

Port Washington, N.Y. 11050 
Phone: 516.883.3837/516.883. 


Spain 

HAMEG IBERICA S.A. 
Villaroel 172-174, 
Barcelona-36 
Tel:230.15.97 
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nJCDB Microcomputer 

Please phone for availability 



BBC Model A £299 
BBC Model B £399 
(incl. VAT) 

Carr £8/unit 
Model A to Model B 
upgrade kit £50 
Fitting charge £15 

IndivMuai upgraoM also 


TELETEXT ADAPTOR £195 
PRESTEL ADAPTOR £90 
2nd PROCESSOR 6S02/Z80 £170 


FLOPPY DISC INTERFACE 
incl. 1.0 0:5 
£95&£20 installation 


Phone or send for our BBC leaflet 


BBC FLOPPY DISC DRIVES 

Single Drive 51/4" 100K£235+£6 earn 
Double Drive 51 / 4 " 800K£799+£8 carr. 

BBC COMPATIBLE DRIVES 

These are drives with TEAC FD50 mechanism 
and are complete with power supply 
SINGLE: 100K£190; 200K£260; 400K£340 
DUAL: 200K£360; 400K£490; 800K£610 


ACORN SOFT/BBC SOFT/GAMES PADDLES IN STOCK OFFICIAL OJCDB DEALER 


CASSETTE RECORDER 

Ferguson 3T07 

£26.50+ £1.50 carr 

Cassette Leads £3.50 

Computer Grade Cassettes £0.50 each 

£4.50 for 10+ £1 carr 


MONITORS 


BMCBM140114" 

Colour Monitor RGB input 

£265 & £8 carr MICROVITEC1431 M/S 14" 

KAGA RGB! 12" Colour Monitor Colour Monitor £269 & £8 carr 

RGB input £235 & £8 carr Hi Res Green Mpnitor £99 & £6 ca 

KAGA 12" High Res Green Monitor RGB Lead for BMC/KAGA £10 

£170 & £6 carr Composite Video Lead £3.50 


i ACORN ATOM % 

Basic Built £135. Expanded £175 
(Carr £3 per unit) 

Atom Disc Pack £299 + £6 Carr 
3A 5v Regulated PSU £26 + £2 Carr 
Phone or send for our BBC Atom list 


NEC PC 8023 BE 

100CPS,80cols 
Logic Seeking, Bi¬ 
directional, 

Fonward and Reverse 
Line Feed, 

Proportional Spacing, 
Auto Underline, 
Hi-Res and Block 
Graphics, Greek Char. 
Set. 

Only £320+£8 carr. 



PRINTERS 

SEIKOSHAGP100A 

80 cols 30 CPS 
Full ASCII & Graphics 
10" wide paper 
Now only £175+£6 carr. 

Ask for details on GP250A 

Parallel Printer lead for BBC/Atom to most printers 
Variety of interfaces, ribbons in stock. 

2,000 fan foid sheets 9V^" x 11" £13.50 x £3 p&p 



EPSOM MX 80 and 
100F/T3 

MX8080CPS80cols 
MX100100CPS 
136 cols 
Logic Seeking, Bi- 
directionai. 
Bit Image Printing, 9 
X 9 Matrix 
Auto Underline 
MX80F/T3£325 
MX100F/T3£430 
(£8CarT/Printer) 


RUGBY ATOMIC CLOCK 


dent alarme and for 


Tha facMKIas include 8 Indi 
- r each alarm there la a cho 
lively these can be use 
g. A « 


7? S<^ SOp 200p 

20 146p 12Bp 240p 

26 176p lEOp aOOp 


CONNECTOR SYSTEMS 

AMPHENOL 
CONNECTORS 

36 way Solder Type Plug 

(Centronix type) S 
36 way Solder Socket 

(Centronix type) 5! 
36way IOC Plug 

(Centronix type) 51 
24 way Solder Plug 


JUMPER LEADS 

24" Rietion Cabla wHh HMdwt 

nd IX" X X" X 

nds Slop 230p MSp SSap 

^ xlx iTx 


ileSOSp.PamalsS 


(IEEE type) 
older Socket 




MICROTIMER 

6502 Based Programmable clock timer with 

★ 224 switching times/week cycle 
ir 24-hour 7-day timer 

it 4 independent switch outputs directly 
interfacing to thyristor/triacs 
it 6 digit 7 sag. display to indicate real time, 
ON/OFF and Reset times 

★ Output to drive day of week switch and 
status LEDs. 

Full details on request. Price for kit £57 


D CONNECTORS 


RS 232 CONNS 

(25 way D) 

4” Single end Mala.£5.50 

I" Single end Female £5.00 


DIL HEADERS 

ph. ^ £ 


EURO 

CONNECTORS 

(Indirect Edge Conn.) 
OMSTD Phi Skt 

41617 21 way ITOp ITOp 

41617 31 way 160p 160p 

41612 2x32 way 25lp 326p 

Anglad 2x32 way 325p 375p 

41612 3x32 way 27Sp 360p 

Anglad 3x32 vny - dOOp 

2xSwaylDCa+c - 62Sp 

(far 2x32 way tpacify a+b or 


2x16woy 
2x22 woy 
2x23 woy 
2x25 woy 
1x43 way 
2x43 vny 
2x50 way 

SIOOC^. 




MICRODOCTOR 

This is not a logic analyser or 
an oscilloscope, it tests a 
microsystem and gives a 
printed reprint on RAM, ROM 
and I/O - it will print 
memory map, searen for 
code, check dateline shorts 
and operates peripherals. 
Microdoctor complete with 
psu, printer probe cable 
and two configuration 
board. 



PLEASE SEND FOR PRICE UST 


SOFTY n INTELLIGENT PROGRAMMER 

The complete microprocaooor development syotam for Engineers and 
Hobbyiata. You can davalop programa, debug, verify and commit to 
EPROMS or uaa In boat computer by using softy as a romulator. Power¬ 
ful editing facilities permit bytes, blocks of bytes changed, --- 

inaeitad end memory contents can be obearvsd on r--"-’ 

*---‘+5vEprome 


SPECIAL OFFER 


I ordinary TV. 

S^''II compieta^'h PSU, TV Lead and Romulator lead £168 


UV ERASERS 


TRAINER KITS 

8502 Junior Computer.185 

8802Nancompl.„. 180 

8809Nancompll.m 

)802 Micro Trainer. 184 

ZSOMsnta HIS 

(fully built and 
documentsd) 

Full details on request 


BOOKS 

(NoVATpSipEI) 

CMOS Cook Book.£7.75 

CRT Controller H/Book.£5 J5 

Programming tha Z80.£1110 

Z80 Microcomp Handbook.£6.65 

Programming the 6502.£1015 

6502 Assy. Lang.£12.10 

6602 Applications.£1010 

6502 Software Design.!... £6.06 

6602Qamas.eiojs 

Large selection c 
Inglx>oks, books 
AA for our list. 
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Tkchnomatk: Ltd 


MAIL ORDERS TO: 17 BL RNLEY ROAD. LONDON NVV10 lED 
SHOPS AT: 17 Bl RNLEY ROAD. LONDON NWIO 
(Tel: 01-452 1500. 01-450 6597. Telex: 922800) 

305 EDGM ARE ROAD. LONDON W2 


PLEASE ADD 40p p&p & 15»7o VAT 

(Export; no VAT, p&p »t Cost) 

Orders from Government Depts. & Colleges etc. welcome. 
Detailed Price List on request 
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CIRCUIT MODELLER for CP/M 

by Harcourt Systems 

For the first time a CAD package tor CP/M* microcomputers 
to carryout accurate, fast designs of linear circuits. 

CIRCUIT MODELLER can fina voltage gain, phase shift, Zi„ 
and Zout for most linear electrical and electronic circuits. The 
limits of capacity are set by the microcomputer RAM, which 
must be at least 60 KBytes. This gives a capacity of 32 nodes, 
101 resistors, 101 capacitors, 101 inductors, 31 mutual induc¬ 
tors, 31 simple operational amplifiers and 31 controlled 
sources. 

Features include: 

ADD & EDIT to construct and alter circuit 
LOAD & SAVE to save and recover circuit from disk 
GAIN to display pain and phase 

ZIN to display in and output impedances 

BW to find centre frequency and -3dB Av points 

of circuit 

SEARCH to find frequency corresponding to given 
gain 

PRINT to print synopsis of circuit diagram sufficient 

for its precise reproduction. 

Operating Speed 

CIRCUIT MODELLER is an all-compiled package with seven 
overlays in which the inner two loops of pivotal condensa¬ 
tion are written in Z80 assembler. This means that whereas 
microcomputer CAD is usually slow, CIRCUIT MODELLER 
can solve a four hybrid-pi amplifier in a few seconds. 

Graphics 

PLOT is an optional extra extension to CIRCUIT MODELLER 
enabling an ordinary 132 column printer to plot both dB gain 
and phase angle against frequency for the circuit. A log/log 
piot IS obtained with automatic axis scaling. 

Themselves designers of high performance electronic equip¬ 
ment, Seasim Controls have recognised the importance of 
CIRCUIT MODELLER which they are making available in as¬ 
sociation with Harcourt Systems. aRCUIT MODELLER is 
priced at £125 + VAT and PLOT at £35 + VAT. Order, or send 
for more details from 

SEASIM CONTROLS UMITED 
The Paddocks, Frith Lane, Mill Hill, London NW7 IPS 
Telephone: (01) 346 9271 - Telex: 28915 

*CP/M is a trademsrk of Digital Research 
WW - 054 FOR FURTHER DETAILS 
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PVILOC 


TRANSDUCER and RECORDER^ ^ \ 

AMPLIFIERS and SYSTEMS 


reliable high 
performance & 
practical controls, 
individually 
powered modules- 
mains or dc option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size—low 
weight—realistic 
prices. 


49/51 Fylde Road Preston 
PR1 2XQ 

\jelephone 0772 57560 


Electronic 

Laboratories 

Limited. 


LASTCHANCE ATTIflS PRICE. 

METALFILM RESISTORS 1% Tolerance. V4 Watt 
1?!!S 15, W |0NLY3pEACH| 

i I i I w 

USa riok VAT, p&p inchiai ve. ^ 


WW - 016 FOR FURTHER DETAILS 


4^ P.&R. COMPUTER SHOP 

IBM GOLFBAU PRINTERS Inmi £70 EACH + V.A.T. 

•BRAND-NEW LA36 DEC WRITERS-SALE £200 EACH 
WRITER-SALE £300 EACH 
CENTRONIC 779 PRINTERS-£325 + V.A.T. 
CENTRONIC781 PRINTER-£350 -l- V.A.T. 

POWER UNITS, 5-VOLT 6-AMP-£20 EACH 
FANS, PCBs, KEYBOARDS AND LOTS MORE 

COME AND LOOK AROUND 

SALCOTT MILL. GOLDHANGER ROAD 
HEYBRIDGE, MALDON, ESSEX 
PHONE MALDON (0621) 57440 


WW - 025 FOR FURTHER DETAILS 
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U.K. RETURN OF POST MAIL ORDER SE RVICE, ALSO WORLDWI DE EXPO RT SERVICE 

NEW I baker I Star sound 

high power full range 
quality loudspeakers 
British made 


BSR DE LUXE AUTOCHANGER £18 

Pleys 12", 10" or 7" records, 

qual^°unlt bs^ed by bIr 
reliability. Stereo Ceramic 
Caitridga. AC 200/250V. Size 


HEAVY METAL PLINTHS Post £2 

Cut out for most BSR or Garrard decks. 

Silver grey finish, black trim. Size 16x13%in. £4 


Superior finish with space and panel for 
-„-rdiscutforB.S.R. 


TINTEO PLASTIC COVERS 

177«x13VSx3V4in. £5 

17V4X9Hx3'/4in. £3 

16Vix1Sx4t/7in. £5 

17x12%x3’,7in. £5 

22%x13’Ax3in. £5 

21V7x14V4x2'/7in. £S 

23y4Xl4x3r,Wn. £S 


18y4Xl2V4x3in. 

14%x12'/4x2?«n. 

16%x13x4in. 

14',4x13'/ix2%in. 

17y4Xl3%x4’y«n. 

21x13f/kx4l«n. 

30y4Xl3%x3y4in. 


BSR SINGLE 
PLAYER DECKS 


©) 


Two spaed 33/45 r.p.m. hi-fi decks with steret 
cartridges, cueing device and snake arm 
Ceramic - 240V AC £15 or 9V DC £15 
Magnetic-240V AC £20 or 12V DC £24 


THE'INSTANT'BULK TAPE EMSER £9.50 Post 95p 

rMis. AC ma*in?20a/*250V. Hand*h^d^Se 
with switch and lead (120 volt to order).* 

Will also demagnetise small tools and^ 

HeedDemeffitiseronly£B. 



StabluiSd^ UMINATOli MAINS to 9 VOLT D.C. 
case with screw terminals. Safety overload cut out. SL., 
Sx3y4x2Viln. Transformer Rectifier Unit. Suitable 
Radios, Cassettes, models, £4.50. Post 50p. 

DE LUXE SWITCHED MODEL STABRJSED. £7.50. PP £1. 
3-6-71^9 volt 400ma DC max. Universal outout oluo 
and lead. Pilot light, mains switch. 


DRIU SPEED CONTROLLERAJGHT DIMMER KIT. Easy 
build kit. Controls up to 480 watts AC mains, £3. PP 65p. 
DE LUXE MODEL READY-BUILT 800 V ' 
fits standard box, £5. Post 65p. 

EMI 13V^8in. LOUDSPEAKERStj 

Model 450, 10 watts R.M.S. with 
moving coil tweeter and two-way 
crossover: 3 ohm or 8 ohm. 

"Final Clearance". Sale Prlca E8 

-TSHELF CABINET Post £1.50 

1x6in. Post £1.50. 


_ _ _X4-£1.75; . _ 

10X7-E2.75; 12x8-£320; 14x9-£3.60; 16x6-£2,50; 

16X10-E3.80. 

ALUMMIUM PANELS. 6x4-55p; 8x6-90p; 14x3-90p; 
10X7-E1.15; 12x8-£130; 12x5-90p; 16x6-£1.30: 

14X9-E1.75; 12x12-£1.80; 16x10-£2.10. 

ALUMINIUM BOXES. 4x4x1Vt £1.20. 4x2'/5x2 £120. 
3x2x1 £120. 6x4x2 £1.90. 7x5x3 £220. 8x6x3 £3. 
10x7x2Vk£3.ae. 12x5x3£3.60.12x8x3£4.30. 

BRIDGE RECTHTER 200V PIV 2a £1.4a £1.50.6a £2.50. 
TOGGLE SWITCHES SP 40p. DPST 50p. DPDT 60p. 
MIMATURE TOGGLES SP40p. DPDTSOp. 

RESISTORS, ion to 10M. ’/sW, '/iW, 1W. 2p: 2W lOp. 

HIGH STABHJTY. Viw 2% 10 ohms to 1 meg. lOp. 
WKE-WOUNDRESISTORS5watt, lOwatt, 15watt20p. 
PICK-UP CARTRIOGES SONOTONE 9TAHC £3.50. 

BSR Stereo Ceramic SC7 Medium Output £2. SC12 £3. 
PHUPS PLUG-m HEAD. Starao Ceramic. AU1020 IG306 
GP310 - GP233 -AG3306, £2. A.D.C., QLM 30a Magnetic £5. 
GOLOMNG G850 £8.50, G800 £8.50. STYLUS most Ceramic 
Acos, Sonatone, BSR, Garrard Philips Diamond £120 ea. 
MAGNETIC STYLUS, Sony, JVC, Sanyo, Goldring £4. 
LOCKTITE SEAUNG KIT DECCA118. Complete £1. 

VALVE OUTPUT Transformers (small) 90p. Medium £1.50. 
SUB-NBN NBCROSWITCH, 50p, Single pole changeover. 
ANTEX SOIDERMG IRON 'C' 15W £4.60.25W 'X25' £4.70. 
JACK PLUGS Mono Plastic 2Sp; Metal 30p. 

JACK PLUGS Stereo Plastic 30p; Metal 35p. 

JACK SOCKETS Mono 2Sp. Stereo 30p. 

““ _ Cable end 30p. Metal 46p. 

m JACK SOCKETS 2Sp. Plugs 2Sp. 



MINI-MULTI TESTER NEW 

iDe luxe pocket size precision moving 
coil instrument. Impedance + Capacity 
- 4000 o.p.v. Battery irwluded. 

.11 instant ranges measure: 

;DCvolts5.25,250,500. ww 

AC volts 10,50,500, 1000 . tO.DU 

|DCampsO-250|iA,0-250mA. PostBOp 
Resistance 0 to 600K ohms. 


as Range DouMar Modal, 

l04>.v.£18JM,7x5x2ln.F 


Post£1 


NEW PANEL METERS £4.50 

50|ia, 100pa, SOOpa, 

Ima, 5ma, 50ma, lOOma, 

BOOma, 1 amp, 2 amp 
25 volt, VU Meter. 

21/4X2x11/4 Post50p 

Stereo VU meter __ 

3’/4Xl%x1in. £3 


RCS SOUND TO UGHT CONTROL BOX 

mplete ready to use with cabinet size 9x3x5in.^O^ 
hanneMOOOwatteach.Forhomeordisco 
iut200mVto lOOvratt. AC200/250V. PostCI. 

. i KIT OF PARTS £19.50, LESS CABINET £15 
Disco bulbs 100 wett, blue, green, yellow, red, amber, 
crew or bayonet £1.85 each. Post £1.50 per six. 
iope lightt, 4 channel, 11ft with controller £33. PP £1. 
'razz'^lights, red, blue, green, amber, 240V AC. £23. 

JOO Watt Rear Reflecting White Light Bulbs. Ideal for 
Disco Lights, Edison Screw. 6 for £4, or 12 for £7.50. Post 
£1.50. Suitable panel mounting holders a8p. 


RCS "MINOR" 10 watt AMPUHER KIT £14 

This kit is suitable for record players, guitars, tape 
piayback, electronic instrumente or smali PA systems. 
Two versions available: Mono, £14; Stereo, £20. Speci¬ 
fication low per channel; size 9’/!x3x2in. SAE detsiis. 
Full instructions supplied. 240V AC mains. Post £1. 


RCS STEREO PRE-AMP KIT. 

pre-amp. Inputs for high, 

Sanl 


parts to bui 

I. Inputs for high, medium or low Imp m ea 
inel, with volume control and PC Board Co.DU 


MAINS TRANSFORMERS 

25(H>-250V80fnA,6.3V3.5A.6.3V1A c*.uo t 

35(V0-350V 250mA, 6.3V 6A CT C12.00 £ 

220V 25ms6VI«mp £2.80. 220V 45ma 6V 2 Amp £4.00 £ 

250V60mA,6V2A £4.78 £ 

AUTO 116Vto240V1S0W£».2S0W£10.400W£11.S00W £12.00 £ 

GENERAL PURPOSE LOW VOLTAGE ' 


«mp! 6,8.10,12,16,16,20,24.30.36.40.48,60 



OPUS COMPACT 
SPEAKERS £22 pair Post £2 

TEAK VENEERED CABINET 

11x8Vix7in, ISwatts 
50 to 14.000 cps. 4 ohm or 8 ohm 
OPUS TWO IBxIO’/jxyysin 25 watt 
2-way system £39 pair. Post £3 


LOW VOLTAGE ELECTROLYTICS Wire 


exceptional 
reproduction. Ideai for 
Hi-Fi, music P.A. or 
discotheques. These 
loudspeakers are 
recommended where 
high power handling Is 
required with quality 

results. The high flux _ 

ceramic magnet ensures clear response. 
MODEL INCHES OHMS WATTS TYPE 




Guitar £28 £2 

Disco £26 £2 

Goitar £35 £2 


if. 250 m 


|v; 50 m 


j mr, 16 mf. 25 mf, 30 mf. 50 mf, 1( 
a. 22 mf/6v/10v; 25 mf/6v/10v; 


; 68 m 


'16v/25v; 


Sockets 3-pin, 5-pin Free Sockets 3-pin. 5-p 

s_. ..ui. 20p. Screened P**— 

etsEI.F “ • 


Sockets 15p. 


_____JG TRANSFORMER £1. 

U.H.F. COAXIAL CABLE SUPER LOW LOSS. 25p yd. 

COAX PLUGS 30p. COAX SOCKETS 20p. LeMi Sockets 61 
\TORS 250V. round 40p. Red 


_3S 25pF95p. 

BRASS SPINDLE I_ 

' ' "els. 36mm £2.25.! 


NEONINOICAl 


Dd 40p. Rectangular 46p. 


POTENTIOMETERS Carbon Track 

5kn to 2Mn. LOG or LIN. L/S SOp. DP 90p. Stereo U 
£1.10. DP £1.30. Edge Pot 5K. SP45p. 


!0pF £1. 500+200pF £.. 
..365-l-365-F25-l-25pF£1. 

.. 

TRANSISTOR TWIN GANG. Japanese Replacement £1 
SOUD DIELECTRIC lOOpI £1.50, OOOpi £1.50 
HEATING ELEMENTS. WAFER THIN (Sami Flexible) 

Size 11x9x'4iin. Operating voltage 240V, 250W approx. 
Suitable for Heating Pads, Food Warmers, Convector 
Heaters, Propagation, etc. Must be clamped between 
two sheets of metal or ceramic, etc. 

ONLY aOp EACH (FOUR FOR £2) ALL POST PAID. 


BAKER AMPLIFIERS BRITISH MADE 



NEW PA150 MICROPHONE PA AMPURER £129 

4 channel B inputs, dual impedance, 50K-E00 ohm 4 channel 
mixing, volume, treble, bass. Presence controls. Master volume 
control, echo/send/retum socket. Slave sockets. PostQ. 

BAKER 150 Watt AMPLIFIER 4 Inputs £99 

For Diacothaque, Vocal, Public Address. Three speaker oudats 


Individual volume controls "Four channel" mixing. ISO watts 8 
ohms R.M.S. Music Power. Slave output SOO M.V. 2SK.ohm. 
2S Hz - TOkHz ± 3dB. Integral Hi-Fi preamp separate 
■ - ■r'x8"x6'/i". Wt - 141b: 

I, 12 months' 


Sass & Treble. Size 
volume control. Sritish made. 12 months' guarantee. 24av 
mains or 12W to order. All transistor and solid state. Post £2. 
MONO SLAVE VERSHMIOO. tOO Volt Una Modal £184. Post £2. 
Naw Staran Slava Modal ISO + 150 watt £125. Po" 

BAKER £69 PostC2J 
50 WATT 

AMPLIFIER __ 

Ideal for PA systems. Discos and Groups. Two Inputs, 
Mixer, Volume, Controls, Master Bass, Treble Gain. 


m-wm RMS 12v DC, AC 240v, 4 inputs. 50K 
Mic 1; Mic 2; PkOHe; mx. outputs 4 or I or 1. 
»-wiMt RMS, Mobile 24 volt DC & 240-voK AC i 
3 mics -F 1 music. Outputs 4-8-16 ohm + 100 v( 



lOOmf/lOv; 1 50 mf/6v/1 Ov; 200 mf/1 Ov/16v; 220 
mf/4v/10v/16v; 330 mf/4v/10v; 500 mf/6v; 680 
mf/6v/10v; 1 000 mf/2.5v/4v/1 Ov; 1500 mf/6v/ 
10v/16v; 2200 mf/6v/10v; 3300 mf/6v; 4700 mf/4v. 

500mF 12V 15p; 25V 20p: 50V 30p. 1200mF 76V SOp. 
lOOOmF 12V 20p: 25V 3^; 50V SOp; 100V 70p. 
2000mF6V25p; 30V 42p; 40V 60p; 1500mF 100V £1.20. 
2200mF 63V SOp. 2500mF 50V 70p; 3000mF 50V S5p; 

4500mF 64V £2.4700mF 63V £1.20.4700mF/30V 
HIGH VOLTAGE ELECTROLYTICS 

2/500V 4Sp 32-F32+16/350V SOp e+8/500V £1 

8/450V 46p 100+100/275V 65p 8+16/460V 75p 

16/350V 46p 150-f200/275V 70p 16+16/350V SOp 

32/500V 95p 220/450V 95p 32-l'32/350V S5p 

32/350V SOp 32+32+32/32SV 75p 32-i-32/500V £1.80 

50/450V 95p 50+50-I-50/350V 95p 50+50/300V SOp 

CAPACITORS WIRE END High Voltage 
.001, .002, .003, .005, .01, .02, .03, .05 mfd 400V 5p. 

.IMF 200V 5p. 400V lOp. 600V 15p. 1000 V 25p. 

.22MF 350V 12p. 600V 20p. 1000V30p. 1750V SOp. 

.47MF 150V lOp. 400V 20p. 630V SOp. 10OOV 60“ 


FAMOUS LOUDSPEAKERS 
"SPECIAL PRICES" 


GOODMANS HIFAX 7t4x4U 100 OAdO Q 


GOODMANS GR12 


MOTOBOIA PIEZO ELECTWC HORN TWEETER. 3Mn. sq 


Id. 4-0-10 ohm, 7Hx3i/lin. 


CROSSOVBIS. 7W0-WAT 3000 c/s 30 watt 0 £3.1 DOW £4. 
^y^Mcp&OMO^^watt rating. £4.3 way 60 watt £6.100W £0. 

3okm;Sin.7x4in.£2J0: 6'/iin,Vx5imo'^njaSL Hkma. 

. 0 ohai, 2Wn, 3in,£2; 5x3in, 6x4in, 7x4in, Sin, £2JI; Olbin, OxOin, 
a;0in.£4J8;10ln.ES:12in.£t 

IS ntai. 2V«n, 3V«n, 5x3in, 6x4in, £2.S0.6'/iin 10WC5. Bin £4. 

2Snlini.3in,£2;5x3in,6x4 ' --- * 

(»R(aLSSETTEir- 


R.C.S. LOW VOLTAGE STABIUSED 
POWER PACK KITS £3.95. Pont 65p 

All parts and instructions with Zener diode printed circuit. 


RADIO COMPONENT SPECIALISTS 

Radio Books and ComponanU Lista 2Sp stamps. (Minimum post/packing chsrgs SOp.) Acem or Bardaycard Visa. Tal: 01-6841666 for SAME DAY DESPATCH. Cash prices include VAT. 
































































Toroidal 
rmers 


THE COTSWOLD 
"BUDGET RANGE" OFFERS 
BUILT-IN QUALITY COUPLED 
TO A RELIABLE 
SERVICE 
MOST TYPES 
FROM STOCK 


Cots WO Id Electronics ltd. 

Jnit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX 
Tel: 0242.41313 Telex: 897106 


lEC 65 
VDE 0550 
BS415 
TO ORDER 


PHONE 
TELEX, WRITE 
DATA SHEET 
AND PRICE LIST 


WW - 017 FOR FURTHER DETAILS 


FOR YOUR PMR REQUIREMENTS 
CONTACT 

South Midlands Communications Ltd. 

SM House, Osborne Road, Totton 
J rH- JHw Southampton, England 

Tel: 0703 867333 Tlx. 477351 SMCOMM G 



BASE STATIONS MOBILES HANDHELDS 

LOW BAND HIGH BAND 
UHF 


WW - 010 FOR FURTHER DETAILS 
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The JlOPEX SG315 

A new range of test capabilities 

Combined Oscilloscope and Function Generator 
in one Precision instrument 



The scope 

15 MHz bandwidth 
5 mv sensitivity 
Tlmebase range 
1 /iS-100 ms/cm 
8X10 cm screen 
vertical display 
A+B. B invert 
X-Ydisplay. 

X deflection 
through A channel 
for max. 
sensitivity 
Normal, TV and ext. 
trigger 


The Function 
Generator 

0.2 HZ-250 KHZ 

Sine 

square 

Triangular 

IX offset variable 

Duty cycle variable 

Output 20v, 

600 ohms 
20 dB attenuator 
plus variable 
VCF input 
TTL sync output 


SCOPEX instruments Limited 
Pixmore House, Pixmore Avenue, Letchworth, 
Herts. SC6 1HZ Tel: (04626) 72771 TeleX: 825644 


Function Generator can be supplied 
separately for you to fit to any Scopex 
Dual Trace scope, just state type when 
ordering,FC4, F014/25. 

Funrtion Generator also available in an 
instrument case, FG1. 

Prices: 

SG3i5-£270-i-VAT. Price includes 
Probes and Mains Plug and carriage 
mainland. 

Function Generator for mounting 
on Scopex Dual Trace Scopes: 

FG4, FGI14/25-£59-l-VAT 
Function Generator: FG1 - 

£69+VAT 



WW - 041 FOR FURTHER DETAILS 




POWERFET AMPLIFIER MODULES 

MODEL POWER RANGE TYPICAL LOADS PRICES |om off) 

(Continuous RMS) 

PFA100 50W-I50W 40,80 E17JS 

PFA200 100W-300W 40,80 E23J7 

PFA 500 250W-600W 20,40,80 £42.00 

PFAHV 200W-300W 40,80,160 E34J0 


R LINEAR 


et specific requirements (e.g. in speed 


- Powerfet freedom from thermal runaway and 
secondary breakdown 

- TID zero, IM/THD < 0.01% full power (mid-band THD 
down to 0.0015%) 

• FAST - Slew rate >30V/nS (45V/iiS typical) 

• QUIET - Signal to noise ratio 120dB 

• BRID6EABLE - Without extra circuitry 

• STABLE - Unconditionally 

• LOW COST - 10 watts to 20 watts per £, depending on model and 

quantity 

As they stand these modules suit most PA. and industrial applications and satisfy 
all foreseeable audiophile requirements. (The HV is aimed at digital audio.) 

Where aspects of performance fa '- --'-■■ 

or power) low-cost custom' ' 
boards can be produced. 

ALSO- 

PAN 20-Ultra-low-noise/distortion, mono preamp board, £6.76 
PAX 2/24-2-way active crossover board (24dB/octavel plus regulators, £3.70 
THE HEAT EXCHANGER-New, super-efficient heatsink; handles 300W or 1.2kW 
when blown; 7in. x 4in. x 2’/4in., £730 

This is just a fraction of the now products snifsbis from Rnntochnic 


Prices exclude V.A.T. 


WW - 058 FOR FURTHER DETAILS 


Registered in England 1179820 

267 & 270 ACTON LANE, LONDON W4 5DG 
Tel: 01-747 1555/01-9946275 - Telex: 291429 
9.30 a.m.-6 p.m. MONDAY to SATURDAY CONTINUOUS 




} 53 ^ 






This advertisement is mainly of our excess stockholding. We 
also have excellent stocks of semiconductors, hardware, cables, 
etc. For further details send for our lists and retail price cata¬ 
logue, phone or visit our shop. All prices are exclusive of VAT 
(and P&P). Minimum Mail Order £5-i-P8iP+VAT. Government 
departments, schools, colleges, trade and export welcome. 


WW - 078 FOR FURTHER DETAILS 
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Accurate Digital Multimeters at 
Exceptional Prices 


NEW ANALOGUE METER WITH CONTINUITY 



28 RANGES, EACH WITH FULL OVERLOAD 
PROTECTION _ 


• 10 »mp AC/DC 

• Battery: Single 9V drycell. Life: 200 

• Dimension!: 170 x 89 x 38mm. 

• Weight: 400g inc. battery. 

• Mode Select: Push Button. 

• AC DC Current: 200»iA to 10A 

• AC Voltage: 200mV to 750V ' 

• DC Voltage: 200mV to 1000V 

• Resistance: 200nto2Mn 

• Input Impedance: lOMfl 

• Display: 314 Digit 13mm LCD 

• 0/load Protection - 


Add 15% to your order for VAT. P&P is free of charge. Quantity discount for trade on application. 

>lRMON ELECTRONICS LTD. 

Cottrell House. 53-63 Wfembley Hill Road. Wembley Middlesex HA9 8BH. England 
Telephone 01-9024321 (3i,nes)TELEX No 923965 


WW - 075 FOR FUKTHER DETAILS 



The new 1983 edition of the Texas Instruments Power 
Semiconduaor Data Book contains full data on the com¬ 
plete range of TI Power Transistors, Darlingtons, Triacs and 
Thyristors. Complete the coupon to receive a copy of this 
900 page, bestseller ex-stock. Price £9.00 plus p & p. 


-InST^^NTS^ 

fpi^se send me copy/copies of the 1983 Tl Powr Data Book. I 

1^."’ — ' I 

WW - 077 FOR FURTHER DETAn.S 


CIRCUIT ANALYSIS 

ON PET/CBM 

An all-machine code program for the rapid analysis of 
linear electronic circuits. 

This package can find voltage gain, current gain, input 
impedance and output impedance in magnitude phase 
angle form. 

32K RAM required but some 14K available for program 
development. 

Some program features: 

Capacity 20 Nodes, 40 passive components, 10 active 
sources. 

Handles transistors, F.E.T., OP-AMP, transformer, trans¬ 
mission line, etc. 

Handles hybrid-pi, h, y, s, parameters, etc. 

Hardcopy of all results, including graphs. 

Graph axes may be LIN/LOG/dB as appropriate with 
automatic scaling. 

Simple, rapid component or parameter changes. 
Comprehensive instructions with many examples. 

State model number and disc or cassette. 


S.J. BRANSON 

111 PARK ROAD 
PETERR0R0UeHPE12TR 
Tel: (0733)67604 


£80 

inclusive 
NOV.A.T. 
or send 
for details 


WIRELESS WORLD MARCH 1983 

























Mmmmwmmmmmmmwmmmwi 


Registered in England 11 79820 

9.30am-6pm 
MON. to SAT. 

CONTINUOUS 


Stabilised Power Supplies. 

Switched-mode and Linear. 

Brand New, Unbeatable Prices. 

Hundreds in stock. 

Coutant, Gould, Lambda, Parnell, ITT, Gresham etc. 
S.A.E. for latest list. 


Volt AmpsO/H Price 


ASA500 

ASA1000 

ASA20018 

ASA5006 


IC200 

EOSOO 

SOiaVB 


LMCC28 

L0TX5152 

usnsov 

L0SY5 

LXSAS 

LM219263 

LM219V 


2A 6 
SA 6 
2A 1 


SA 2 26.00 

0.1A217 12.00 

1A 3 14.00 

2A 4 16.00 


GX1S/2 

GX6Q^C 

GXIS^B 


3.0A3 31.00 

2A 4 26.00 

2A 2 28.00 

SA 1 3S.OO 


SA 16 32.00 
10A 70.00 

3A 10 24.00 
1A 32 28.00 


1S/2S 

1S/2S 

1S/2S 


42.00 

28.00 

22.W 


S2.00 


0.1A 8 12.00 

2A 19 18.00 

30/15 20 1A 26 1S.0O 

A1S 2S 1S.OO 

APTTSU 20 3A 2 24.00 

73SC 6 3A 211 16.00 

SSBMH 40 2A 1 

VOLSTAT 9-S 3.SA 2 21.00 


MR20ASS1 

MRSASS1 

MQ10AS1S 


4S.OO 

30.00 

48.00 


MR10AS4 4-S 10A 2 

MQSAS1S1 IS SA 2 

PC2S0A1S +/-12-1S.2SA1 
DIGIVUE 2 


ESM3 12-24 

EEMS7 12-24 
ESM1S 12-24 
IC200 S 

LXSCCSOV S 

LMCC20 20 

LAMBDA 

LXSC12R 12 

.LCSC24 24 

LMD20 20 

LXDD1S2R 7.S 
LXDD1S2R 12-1S 
LXB12R 12 

LXSD1SR IS 

LMMCCS 5 

LXSASOVR S 

FARNEa 

1S«6 IS 

SD1S002T S 

NCIV31S06069 4 
GOULD/MGS S 
ACO/SESO S 

in/PM6SA191 IS 
APT13334 -I-20V 


-F/-12-1S .2SA 11 


21.00 
36.00 
ISA 12 49.00 


7.6A2 
SA 3 
6.2A9 
3.8A1 


20 30.00 
2 30.00 

4 30.00 


2A 3 18.00 

1S0A1 14.00 

ISA 1 38.00 

40A 47 80.00 


4S 30.00 
7 30.00 

S 30.00 
1 30.00 


WELWYN STRAIN GAUGE. 

(Precision Micro-Mea¬ 
surements). Romulus Miche- 
oan type MA-09-500B4-350. 
Oiir price £1.25 ea. List price 
£3.85. Large quantities avail¬ 
able. 


LXSDSOVR 
LMD28 
LXSCCSR 
USCC12R 
LXDC1S2R 

Also 

Large stocks of relays, ribbon, 
multicore cables. S.A.E. or 
phone for lists and prices. 


D TO A CONVERTERS 1 


0.125% typ. Settling time; 2V step 70nS typ. 2MV step 50nS colour televi¬ 
sion transmission standard. DIff. gain 0.5% diff phase shift 0.5% types rad 
802 and MC2208/8. Unused. Ex-maker's pack. 

SPECIAL OFFER PRICE £10.00 


TRANSFORMERS 

3-0-3V 100mA 

5- 0-5V 400mA 

6- 0-6V 100mA 
6-0-6V 250mA 
0/6-0/6 280mA 

8- 0-8V 400mA 

9- 0-9V 75mA 
9^>-9V3A 
11V2A,22V1A 
12-0-12 50mA 

12-0-12V 100mA 
12V 130mA 
12-0-12V 250mA 
12V1A5 

13V-(-6.5VSec2Amp 
0-12-0-1296VA 
15V 100mA 

0/12-0/12 500+500mA 
9-0-9V1 Amp 
12-0-12V1 Amp 
15-0-15V1 Amp 
15V 100mA 
17V 300mA 
30,24,20,15,12,2 Amp 
6.3V 1.5 Amp 
6-0-6V1.5Amp 
20-0-20 400mA 
22-0-22 50mA 
24V 100mA 
24V 250mA 

25V-l-6.2VSec1.6Amp 
30,24,20,15,12,2 Amp 
9-0-9 2 Amp 
12V 2 Amp 
20-0-20V2Amp 
30-0-30V2Amp 
30V 250mA 
30-25-0-25-301A6 
0-2-4-6-8-10 5A 
•A- ☆ ☆ ☆ ☆ 


£1.06 

£1.25 

£1.14 

£1.16 

£2.00 

£1.25 

£1.14 

£3.00 

£2.00 

£1.18 

£1.48 

£0.80 

£1.94 

£1.25 

£2.00 

£8.00 

£1.00 

£2.96 

£2.64 

£3.36 

£3.62 

£ 1.00 

£1.50 

£4.84 

£2.64 

£3.20 

£1.80 

£1.00 

£1.00 

£1.50 

£1.90 

£7.96 

£4.70 

£4.84 

£8.98 

£7.96 

£1.50 

£6.00 

£6.00 


Switchcraft Cannon Connec¬ 
tors 3-pin plug. Free hangm^^ 

A3F 3-pin socket. Free 
hanging with lock. £1.32 
D3F 3-pin Socket. Female 
chassis mounting with lock 

£1.60 

D3M 3-pin Socket. Male chas¬ 
sis mounting £1.10 

Switchcraft XLR Connectors 
always in stock. Discounts on 
quantity. 


BLACK PLASTIC BOXES 

75x50x 25mm 

80x60x40mm 

90x70x40mm 

115x75x30mm 

110x90x45mm 

170x 100x50mm 

200x120x80mm 


£0.99 

£0.90 

£1.18 

£1.65 

£3.55 


VIDEO GAME BOARD 
RELD GOAL VIDEO GAME 

by Taito a top quality board, 
complete with 6800 CPU system 
system with 2715 EPROMS with 
circuit diagram plus all 
connections for either colour or 
Black 8i White monitors (TV 
Sets). Price £20.00 + VAT £3, 
P8iP£2.55 

POWER SUPPLY KIT 
to suit + circuit diagram. 

Price: £15.00 
-F VAT £2.25, P8iP £3.45 
2X22 Way Gold Plated Double 
Sided D.156" edge Connectors 
to suit Video Boards. 

Price: £1.60 per pair. 

-F VAT 24pP&P included 
The Complete KK £46.00 Inc. ^ 
Full Details on Application. * 


RLTERS 

3 Phase 20 AM Filters 433V 
50/60HZ Phase to Phase 250V AC 
50/60HZ Phase to Neutral mfr. by 
Corcom Chicago II., USA., 

£15 each. 

Single Phase Filter 30 Amps 125V 

60Hz by Potter £5.00 

Sprague Filter 2 x 30 Amp 250V 

AC 60Hz £10.00 

Erie Mains Filters 3 and 5 Amp 

250V AC 50Hz £4.00 

All the above mentioned Filters are 

brand new. Carriage extra. 

SPECIAL OFFERI 0.1% TOL 
resistors. The following values 
available. 2K, 3K, 10K, 30K, 1 Mega 
ohms. Welwyn or Filmet. 

Price 30p each. 

CERMET PRESETS 15p each 
10A 250V AC ILLUMINATED 
ROCKER SWITCH 
“ id, DP ST 26x30mm rectangular 


ROCKER SWITCH 

(Amber). 14x30mm rectangular 
snap-in type. SPST £0.30 

LICON laUMINATED SWITCHES 
01-800 Rectangular snap-in series 
2PCO Latching £1.50 

2PCO Momentary £1.50 

Indicator only £0.50 

Lenses available in red or white 
only. 

MAILORDER: Gds + 15 % VAT, 

^lus VAT-inclusive M M/pk|/gist: 


e^^Kg S 
OverfOK) 


ALUMINIUM BOXES 

AB7 5.25x2.50x1.50in. (133.4x63.5x 38.1mm) 
AB84x4x1.5in.(101.6x101.6x38.1mm) 
AB94x2.25x1.5in.(101.6x57.2x38.1mm) 
AB104x5.25x1.5in.(101.6x133.4x38.1mm) 
AB11 4x2.50x2in. (101.6x 63.5 x 50.8mm) 
AB12 3x2x1in. (76.2x50.8x25.4mm) 

AB13 5x4x2in. (152.4x101.6x 50.8mm) 
AB147x5x2in. (177.8x127.0x 50.8mm) 
AB158x6x3in. (203.2x152.4x76.2mm) 

AB16 10x7x3in. (254.0x177.8x76.2mm) 

AB17 10x4.50x3in. (254.0X 114.3x76.2mm) 
AB18 12x5x3in. (304.8x127.0x76.2mm) 

AB19 12x8x3in. (304.8x203.2x76.2mm) 

BLUE REXINE. COVERED ALUMINIUM BOXES 
RBI 6x4.50x2.5in. (152.4x114.3x 63.50mm) 
RB2 8x5x3in.(703.2x127.0x76.2mm) 

RB3 9x5x3.50in.(228.6x127.0x88.9mm) 

RB411 x6x4in. (279.4x152.4x101.5mm) 

RB511 x7.50x4.50in. (279.4x 190.5x114.3mm) 


£0.96 

£0.96 

£0.96 

£ 1.12 

£0.96 

£0.70 

£1.38 

£1.64 

£1.98 

£2.70 

£2.28 

£2.52 

a.04 


£2.52 

£2.72 

a.14 

£3.98 


This advertisement is mainly of our excess stockholding. We also have excellent stocks of semiconductors, hardware, cables etc. etc. Four 
further details send for our lists and retail price catalogue, phone or visit our shop. All prices are exclusive of VAT (and P&P) Minimum Mail 
Order £5.00 -F P&P -F VAT. Government departments, schools, colleges, trade and export welcome. 
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DANAVOX 

ARE ALWAYS COMING UP 
WITH SOUND IDEAS. 



STETOCLIP 
JUNIOR 60 
HEADSET 

STANDARD & 
SUB-MINOR 
EARPHONES 



PLASTIC 

EARHANGERS 



SENIOR 

STETOCLIP 

HEADSET 



DANAMIC FIDELITY 
EARSET 




STETOCLIP STETOMIKE 

GEMINI HMT808 

HEADSET 



SUBMINIATURE 

SWITCHES 


The Danavox policy has always been one of 
constant improvement. 

Our refinement, development and research 
has enabled us to offer an advanced range of 
components and accessories for dictation 
machines, tape recorders, tele-communications, 
hearing aids and electro-acoustic equipment. 

All our products are built with care and 
precision. 

And all carry the Danavox guarantee. 

WW-0701 


For more information about 
any Danavox product, 
contact John Carter. 


Danavox 


DANAVOX (Gt. Britain] Ltd., 

1 Cheyne Walk, Northampton. NN1 5PT 
Tel: (0604) 36351 Telex 312395 
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POWER UNITS 

Now available with 

3 OUTPUTS 



Type 250VRU/30/25 

OUTPUT 1: 0-30v, 25A DC 
OUTPUT 2; 0-70v, 10A AC 
OUTPUT 3; 0-250v, 4A AC 



WW - 028 FOR FURTHER DETAILS 


reprints 

if you are interested in a particular article/ 
special Feature or advertisement published in 
this issue of 

WIRELESS WORLD 

why not take advantage of our reprint service. 

Reprints can be secured at reasonable cost to 
your own specifications providing an attractive 
and valuable addition to your promotional 
material. (Minimum order 250.) 

For further details contact 

Michael Rogers, IPC Electrical-Electronic Press 
Ltd. Phone 01-661 3036 or simply complete and 
return the form below. 



To Michael Rogers, Reprints Department 
Quadrant House, The Quadrant 
Sutton, Surrey SM2 5AS 

I am interested in .copies of the article/ 

advertisement headed .featured in 

WIRELESS WORLD 

on page(s).... in the issue dated . 

Please send me full details of your reprint service by 
return of post. 

Name . 

Company . 

Address . 

. Tel. No. 



102 
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PHONE P. M. COMPONENTS LTD 

0474 813225 SELECTRON HOUSE, WROTHAM ROAD 
3 LINES MEOPHAM GREEN, MEOPHAM, KENT DAI30QY 


TELEX 
966371 
PM COMP 
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A COMPETITION 
OPEN TO ALL 

WIRELESS WORLD READERS 
WITH £8000 
IN CASH PRIZES 


Design an Eledronic Device 
to help Ihe Disabled 



open to individuals or ffroiinjsrPfaiHpnt in tVioTTR' ___ . « 


Could you desi 

on to und^* mj. msK — oe eugioie to win a substantial cash prize. 

LrtoarrShiioSSaKaKnSh"^ 

The finalists will be invited to London 10 talk over theip entries with the judges and be awrdwl their prizes The prras are 

1st prize £2,500 and the 4 runners up will be awarded prizes each of 

2nd prize £1,500 r , £1,000 

# W you have the maximum time to undertake you^ 

WOriQ ENTRY FORM 

^ "Design an electronic device to help the disabled" 


“DESIGN AN DE VICE TO HELP THE 

LIST OF RULES 


2. Entrants can 

3. Allparticipar 

SothJune^l9^ 


5 ter tfe^r mt 


5. All entrants indemnily Wireless Woj 
damaRe to properly arising from the 

6. AU submitted designs must he the or 

I ■ All submissions should consist of: 

h\ ttM/rfp'lfo* 

c) Detailed circuit descriptions ai 

d) A model of the device or the 

*> P^pnality and^ben^fiuo the 
. ^ handicapped 
b) Potentialfor production 

5) Ellc^rn1c1co"n*t‘cnr‘"''‘*“‘*" 

e) Desian reliability 

f) SimpJicUyofoperation 
g; Freedom from excessive 
h) Safety. 


trial puhlici 


Name of competitor_ 

Address_ 


0. Thejudftea 
1. Alltfesipis 
Wireless Won 
October 198.1. 

to travel to a 


eless World Editor by the 1 


Telephone (home)_ 




Signature_ 


Please send this form, as soon as possible, to: 

The Editor, WIRELESS WORLD 

Room L302,Quadrant House, The Quadrant 

Sutton, Surrey SM2 BAS. 

Receipt of the form will be eeknovstedged. 
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M. VA(W«tt*) £ 






K TRANSFORMERS 


16.31 2.64 


0.5 3.19 1.20 


85 5 2.5 6.78 1.50 

70 6 3.0 7.68 1.40 

108 8 4.0 8.98 1.64 

72 10 5.0 8.62 1.80 

116 12 6.0 10J8 1.90 

17 16 8.0 12.97 2.12 

115 20 10.0 17.46 2.44 

187 30 15.0 2169 2.64 

226 60 30.0 4466 OA 


30 VOLT RANGE ISCREENEO MINIATURES p 

--n3.4.6.«,8.9,10.12.16.»A^. mA SMVoItt i 

_2XS£CSorl5V^>^W 238 200 34)-3 3.1 

A. 1A.1A 06,06 3.i 

1 ! 22 '2 100 00-9 2.1 

2 1-H l J2t235 330,330 0-9,0-9 2.‘ 

S'5 ]-22 207 500,500 06-9,0-8-9 3J 

2-12 1'22 208 1A,1A 06-9,06-9 4J 

E 1-221'236 200,200 015,015 2.i 

’’■•2 2-22'|239 50MA 12-012 3,' 

12 S 2-22 SI 214 300,300 020,020 3.J 

12-12 2-22 ( 221 700 (DC) 2012-012-20 4.- 

22-5 ^;?rjl206 1A,1A 015-20,015-20 6.) 

S-22 ,%l203 500,500 015-27,015-27 4.1 

3” 1204 1A,1A, - 





M VOLT RANGE : 

iTm, 40^r*2m/ 


118 8 16 

119 10 20 

12 24 36.16 


eOVOLT^NQE 

iTIol'IIraE'ae'SS 

1.6av, or 24V-0-24V or 30V-030V 

■i. 60v 30* £ P 
!4 0.5 1 4.70 1 

J6 1 2 7.16 1 

27 2 « 4 860 1 

25 3 „ 6 1361 2 

- 4 ** 8 16.16 2 

- 5 P 10 18.16 2 

20 6 s 12 2166 2 

21 8 * 16 30.72 i 

22 10 20 36.76 < 

89 12 24 4162 

CASED'AUTO? 

240V cobte input USA 116V outloli 

^ Prico W FM 
f761 1.25 56W 


VA 


£22.14 2.24 67W 


SPECIAL OFFER: 
SOLDERING IRONS, 240V 
BARGAIN: £1.75 
-l-30p. p. & p. -I- V.A.T. 


AUTO 


64 80 010115-210240V 684 1 

4 150 010115-200220240V 6.40 1 

67 500 010115-200220240V 1360 2 

84 1000 818118200-220-240V 22.70 J 

93 1500 818118200-220-240V 28.17 ( 

95 2000 818118200-220-240V 42.14 t 

73 3000 818118200-228240V 71.64 ( 

80 4000 818118200-228240V 93.01 ( 

57 5000 818118200-220-240V 10060 C 


ConftantVotaga 
Traiwfonmn 
OOVA £198.90 

KVA £278.40 

-f carriage-H VAT 15% 


EDUCATIONAL METERS: ■) 0-10A: N) 0-30V 

75 X 78mm free-standing. Top screws terminal, 
simple. £4.50 -i- 6^ p&p -1- VAT 

BRIDGE RECnnfRS 

^ 2M £2^ ^ H tS 

Specialist transformer winding services 
for batch production 

lOOv 35A C2!m 500v 12A £2J6 

P8iP20p.VAT15% 


CABLE & 
WIRE 

Instrument 

i coax cable, 
screened 
singles, etc. 


IWBHIMlItti ~Gi^ 


AVO & MEGGERS: FULL RANGE STOCKED 




OA116 LCD Digital 


M^garSatttryBM? 


MAMS BATTERY ELIMINATORS 

lug into 13A aockaL 3, i__ 

)mA £6.10 -I- £1.20 P8iP + VAT 


_.....JS 15W CCN240 or C £6. 

Safety stand.£1.76 25WX25, - 

12V25W(---- 


daring kit 
PfcP SC 


a £12.60 -I- £1.50 PAP-b VAT. 


43mmx43mm...£6.70 p&pSOp-l-VAT 
82mmx78min...£767 p&p80p-l-VAT 
0.50uF, 0.500UA, 0.1mA, 0.30V, 100NA, 1 
5A, 10A, 15V, 100V available 


standing - grey 


100W£4660 
250W £101.60 
500W £10060 
IkW £240.40 (24V Input) 


arriaga at 
V.A.T. 1! 


OVERSEAS ENQUIRIES WELCOMED 
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TWO NEW HANDHELD DIGITAL MULTIMETERS 
200mA - 10 AMP AC-DC 

^28 Ranges each with full overload protection 

SPECIFICATION 
MODE SELECT: Push button 
, AC DC CURRENT: 200 mA to 10A - 6 Ranges 
AC VOLTAGE: 200mV to 750V - 5 Ranges 

DCVOLTAGE:200mV to 1000V - 5 Ranges 
RESISTANCE: 2000 to 200Mn - 6 Ranges 

INPUT IMPEDANCE: lOMO 
DISPLAY: 3V2 Digit 13mm LCD 
O/LOAD PROTECrnON: All ranges 
BATTERY: Single PPSType (included) 

BATTERY UFE: 200 hours 
DIMENSIONS: 170 x 89 x 38mm 
WEIGHT: 400g inc battery 
OTHER FEATURES: 

Auto polarity, auto zero, battery-low indicator, ABS 
plastic case with tilt stand, battery and test leads, 
spare fuse and operator's manual Included. 
Optional carrying case. 

Cheques/PO please to 

AFDEC ELECTRONICS LTD. 

Kampsliott Lana, Basingstoke Hants RG225LT 

PLEASE SUPPLY (All prices include VAT & P&P) PLEASE PRINT CLEARLY 



MODEL 6010. 

MODEL 7030. 
CARRYING CASE... 


...£34.44 

....£41.34 

£2.00 
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COMPUTER WAREHOUSE 


Tm^ALADDDry CAVE OF COMFUTER AND ELECTRONIC BQUIPMBHT 


HARD DISK DRIVES 

ully refurbished Diablo/DRE Series 30 2.6 mb hard 
-isk drive for DEC RK05, NOVA, TEXAS etc. 

Front ioad £550.00 - Top load £295.00 
PSU type ME3029 for 2 drives £ 125.00 
DRE 44A/4000A/B 10 mb 5+5 all configurations from 
£995.00. Call sales office for details. 


8 AMP MAINS FILTERS 

.ure those unnerving hang ups and data glitches 
caused by mains interference. Matchbox size - Up to 5 
amp 240 v load As recommended by the ZX81 news- 
—r. Suppression Devices SD5A £5.95. 


DISTEL© 

The UKs FIRST free of charge, 24 hr. publi. 
access data base. Get information on 1000’s 
of stock items and order via your computer 
and credit card. On line now, 300 baud. 
CCITT tones, full duplex, fully interactive. 

[01-6831133’^“^ 


COMPUTER ‘GAB’ 




_quality computer 

cabinet with integral switched 
mode PSU, Mains filtering, and iwm » 

Originally made for the famous DEC F _. . . 
system costing thousands of pounds Made 1 
hours per day the PSU is fully screened and 
massive +5v DC at 17 amps +15v DC at i = 

DC at 5 amps The complete unit is fully * 

removable top lid filtering, trip switch, ‘I_ __ 

LEDs mounted on All front panel, rear cable entries etc 
etc Units are in good but used condition- supplied for 
240v operation complete with full circuit and tech. man. 
Give your system that professional finish for only 
£49.95 + Carr. Dim. 19" wide 16" deep 10.5" high. 
Useable area 16"w 10.5"h 11.5"d 
Also available LESS PSU with internal dim. 19"w, 18"d 
' 0.5’ h, £19.95" Carriage & insurance E9.S0. 


ID NEW professional 


with our range of 1..- 
cooling fans 

rrm fcxuw Dim. 9^ 

inger guard £9.^. 

GOULD JB-3AR Dim. 3" X 3" x 2.5" compact 
very quiet running 240 v operation. NEW£6.91 
BUHLER 69.11.22. 8-16 v DC micro 
-'-lature reversible fan. Uses a brushless 
lo motor for extremely high air flow, 
ost silent running and guaranteed 10,000 
fe. Measures only 62 x 62 x 22 mm. 
rent cost £32.00. OUR PRICE ONLY 

MUF^rfcEGrAUR^andSd 4" x 4” x 1.25” 
in supplied tested EX EQUIPMENT 240 v at 
^1.25 or 110 V at C4.95 or BRAND NEW 240v 
a.. £10.50.1000'S of other fans Ex Stock 
::all for Details. Post & Packing 


y DISK DRIVES 

the DRE 7100 8" floppy disk drives 
technology to give you 100% bus 
nost drives avaifable today. The only 
_being our PRICE and the superb manufactur¬ 
ing qualityl! The 7100 single sided and 7200 double sided 
drive arxept hard or soft sectoring IBM or ANSI standard 
formats giving a massive 0.8 MB (7100) 1.6 MB (7200) of storage. Absolutely 
SHUGART, BASF, SIEMANS etc compatible. Supplied BRAND NEW with user 
manual and full 90 day warranty. Carriage and insurance £9.75. 

7100 Single sided £225.00 + Carr. 7200 Double sided £295.00 + Carr. 
Optional accessories: Full technical manual £20.00 alone 
of difference on drive purchase. DC and AC power connei 
way IDC connector £5.50.50 way ribbon cable £3.20 per 


and cable kit £8.45. 50 


^SUPER VEAL? n 6^ SUPSn 

The FABULOUS 25 CPS TEC Starwriter VWXBIUUM^ \ 


Daisy wheel printer at a fraction of its original cost. 


chassis and DIABLO type 
sup^ registration and 
print quality. Micro, 
processor electronics 
offer full DIABLE/QUME 

-,..inling10or12piloh 

chars per line full width 381. 

I nr ainals sheet paper, - order now or call sales office for moro 

sample. Please specify RS232 or CENTRONICS Interface 
____Jith FREE dust cover and daisy wheel 

Optional extras: RS232 data cable £10.00-Tech manual £7.50. Carriages Ins (UK) 


RECHARGEABLE IUT TliltTH« 

CYCLON type D001 sealed lead acid 

nnce free 2v 2.5 ah. will delive- 

n on short circuit!! Brand n 


DATA MODEMS 

Join the communicationa revolution with our 
range of EX TELECOM data modems Made to 
most stringent spec and designed to operate 
lor 24 hrs per day. Units are made to the 
CCITT tone spec. With RS232 i/o levels via 
a 25 way 'D' skt Units are sold in a tested 


may be required for connection to FO lines 
MODEM 13A compaa aaync same size as 
telephone base. Up to 300 baud, full duplex 
over 2 wires but call mode only £75.00 
MODEM 2B/C Fully fledged, up to 300 baud 
aaync ANSWER 6 CALL modes auto answer, 
auto switching ideal networks etc Just 2 wire 
---£65.00 


_+CAR + VAT . _ 

lly fledged industry standard ASR33 data 
terminal. Many features including ASCII 
keyboard and printer for data l/<J auto data 
detect circuitry. RS232 serial interface 110 
baud, 8 bit paper tape punch and reader for 
off line data preparation and ridiculously 
cheap and reliable data storage Supptied in 
good condition and in working order 
Options Floor stand£ 17.50 + VAT 
KSR33 with 20ma loop interface£>2S00 + 
Sound proof enclosure£2iL00+VAT 

SOFTY £ 

The amazing SOFTY 2. The complete “toolkir 
for the open heart software surgeon. Copies 
Displays Emulates ROM, RAM and EPROMS 
of the 2516,2532 variety. Manyotherfeatures 
include keyboard, UHF modulator. Cassette 
inteifaceetc Functions exceed capabilitlesof 
units costing 7 times the price! Only 
^M^O^pEl^^^atesheofonraqu^ 

D.O. POWER SUPPLY SPECIALS 

Experlmentors PSU Ex-GPO unit all silicon electronics Outputs give +5v® 2 amps. 
+ 12v®800 ma.-12v® 800 ms+24v® 350 ma.5v® 50 ma. floating. Dim 160x120x 
■ " outputs fully regulated and short circuit proof. Removed from working 
..——ed. Comp'—- t----•—' 



MINI SYSTEM PSU Ex equipment unit Ideal for the small micro. Outputs give 5v @ 
3 amps +12v ® 1 amp and -12v @ 300 ma. Crowbar overvoltage protection and 
currentjimit. Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuit only£/2.9S 


=uit£55.00 + £8.50ca 


or MAINFRAME u: 


regulated. Fan cooled Supplied tested with cir 
MAIN FRAME SUPPLY. A real beefy unit . . 

outputs give 5 volts ® 50 amps +12v @ 5 amps-12v @ 10_...^_,. 

—julateo with crowbar overvoltage protection on the 5v output Supplied 
and tested Ex-Equip 1 lOv AC input Only£99.»5 +catT. £10.50. 


66% DISCOUNT 

lassive bulk purchasing programme which enables us to bring you the 
baioalns we have thousands of I.Cs Transistors Rel^ Cap's, P.C.B.'s 
ies Switches etc. etc surfplus to our requirements Beiause we don't 


I ELECTRONIC 
' COMPONENTS 
‘ A EQUIPMENT 


DISPLA’ 


Sub-assembfies Switches etc etc surfplus_ ____ 

have sufficient stocks of any one item to include in our ads, we are packing all these 
items into the ‘BARGAIN PARCEL OF A LIFETIME’ Thousands oTramponents at 
giveaway pricesi Guaranteed to be worth at least 3 limes what you play plus we always 
include something from our ads for unbeatable value!! Sold by weight 

2.5kls£42S + pp £1.25 5kls£5.90 + pp £1.80 

10kls£f0.29 + pp £2.25 20kls£f 7.50 + pp £4.75 

ALL PRICES PLUS VAT 


VIDEO 

MONITORS 


standard 240 v, 


is of 18 mhz. 
d^prior'lc 


jnguaranteed they _ _ _ _ 

despatc^ and have no visible- . 

screens Dim approx 9” x 9" x 9”. Suppliec 
complete with mains and input lead Ideal 
ZX81 etc or giving the tele back to the 
‘—lilyt! ^ack and white phosphor. £39.00 

,MCo. 


th ON- 

...U .'.DNTRAST 
rols mounted to one 
attention was given to construction and 
reliability of this unit with features such as 
internal transformer isolated regulated DC 
supply, all components mounted on two 
fibre glass PCB boards- which hinge out for 
-of service, many internal controls for 


_^_Bandwidth of the unit 

is estimated around 20 Mhz and will display 
most high def graphics and 132 x 24 lines 
Units are secondhand and may have screen 
burns However where bums exist they are 
only apparent when monitor is switched off. 
Although unguaranteed all monitors are 
tested prior to despatch. Dimensions 
approx 14” high X14" wide by 11 ” deep. 
Supplied complete with circuit 240 volt AC 
operation. OMirseS.OO HUS£*.50 CAEE 
14" COLOUR superb chassis monitor ma 
by a subsidiary of the HITACHI Cc Inputs 
are TTL RGB with separate sync and will 
plug direct into the BBC micro etc 
Exceptional bandwidth with good 80 coL 
definition. Brand new and gua— 

Complete with full data & circi 
working. Dim. 14" x 13" x 13”. 

0lll*£l*9.oe HOI £9.50 MM 


SEMICONDUCTOR 
*0RAB BAGS’ 

Mixed Semis amazing value contents 
include transistors digitaL linear, I.C 's triacs 
diodes bridge recs, etc etc All devices 

guaranteed brand n€ - 

facturer'sr- ^ ' 

50+£».»S_ 

TTL 74 Seriei A gigantic purchase of an 
cross the boarcT range of 74 TTL series 
;.'s enables us to offer 1 00+ mixed 
lostly TTL" grab bags at a price which tw 
three chips in the bag would nnormally 
'cost to buy. Fully guaranteed all LC.'s lull 
-*''''^".»0 200+£l*.3» 200+t/».W 

oiirmsTTif 

Complete input output terminal wIthintegralS 
hole paper tape punch and reader. Unit 
operates at 150 baud in standard ASCII. Ideal 
asacheapprinterforaMICROetc 120 
columns Serial data l/c Supplied complete 
with Oats untested, unguaranteed£49.00 


I All pricesquotedaretor U.KMainland, paid cash with order in PoundsStirilno PLUSVAT .Minimumordervalue£200.MinimumCredit 

Cardorder£/A00. Minimum BONA FIDE account orderstrom Govern mentdeplsn Schools Universities and established companie: 
«0.00 Where pgst and packing riot indicated please ADD BOp + VAT Warehouse open Mon-Fri 9.39 - 5.30. Sat 10.15 - 5.30 


!-! I jPl IHU S- 64-66 Melfort Road, Thornton Heath, Near Croydon, Surrey r 
I M -Q.| .ggg JJQ2 — 01 -689 6800 Telex 27924 


WW - 076 FOR FURTHER DETAILS 
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WnLES 


UNIVERSITY COUEGE, CARDIFF MARCH 22-24,1983 


For the first time in March 1983 professionais 
residing in Wales and the West of England have 
an unequalled opportunity to see and 
compare the whoie range of equipment and 
services availabie for today’s specifiers and 
purchasers. 

With many stands showing a comprehensive 
range of mini- and micro-computers, smali 
business systems, printers, software, terminais 
and other peripherais, teiecom equipment, 
word processors — as well as the many 


ancillary services and equipment avaiiabie — 
COMPEC WALES offers you the most effective 
way of bringing yourseif up-to-date with 
everything the computer industry can offer. 

Computer users, suppiiers, systems and 
software houses, the OEM industry, consuitants 
— and particularly those considering the use of 
a computer system for the first time, are all 
assured of seeing equipment reievant to their 
varied appiications demonstrated by professionals 
familiar with your business in your area. 


Apply for as many 
FREE advance 
registration tickets 
as you will need. 
Clip the coupon 
NOW! 

Applications not accepted after March 7 

QOMPeC Wm.ES is a 

CoflipiiterWH^ 

Exhibition. 


QOMKQ 

WfILES 


Return to: 

COMPEC WALES'83 
Tickets, 

IPC Exhibitions Ltd., 
Surrey House, 

1 Throwiey Way, 
Sutton, Surrey, 

SMI4QQ 


Please send.FREE advance registration tickets 

for COMPEC WALES to: 
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WJECmiO SHOCK 


ACT AT ONCE-DELAY IS FATAL 

BE READY TO SAVE A LIFE. SOMEONE MIGHT SAVE YOURS 

ELECTRICAL REVIEW Shock First Aids 
To General Sales Dept., Room 108 
Quadrant House, Sutton, Surrey SM2 5AS. 

Please send me: 

.pocket cards at 70p each 

.paper charts at £1.00 each 

.card charts at £2.00 each 

.plastic charts at £3.00 each 

I enclose cheque/money order for £ payable to 

IPC Business Press Ltd. 


Post free in UK; overseas rates 

apply Tel. 01-661 8668; Telex 892084 BISPRS G. 

Name. 

Address. 


POCKET CARD; 92 x 126mm. 
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aliyt^pSnmii^'lSS'ton'e » 

dard»6tbvht«eiriier7&-watl<Je*ign. 




joyment ofbSjnding a MphSrticatw 

p- “’■«• 

S:iSS"llKJ7.mpl1?.r. TO,.I co« o, p.«. £104.*,. Sp«:i.l 
oflw prk* for compw. krt. £94.00. 

(Rapilrt. of orioin.1 Article, from Hi-Fi Nmw 50p. Po« fiM. No 
Rjprint. of MOSFET articlo 25p. No V.A.T. Po« free. 

■p.W. WINTON- TUNER AND AMPLIFIER 


THIS MONTH’S 
SPECIAL OFFER 

LINSLEY-HOOD 
300 Series Amplifiers 
reduced in price 

30 Watt Darlington 
Output 


35 Watt MosFet 
Output 
£79.50 

45 Watt MosFet 
Output 
£83.50 



IfcSsTOSSHlISi'to^u,';^^^^^ 


SfUA^A^ORCUITS 
n^tape dack into a i 






IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING 
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI¬ 
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE 
CASH PURCHASERS OF SUCH MATERIALS AND WOULD 
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE. 
WE PAY TOP PRICES AND COLLECT. 

BROADFIELDS & MAYCO DISPOSALS 

21 Lodge Lane, N. Finchley, London, N.12.5 mins, from Tally Ho corner 

_ Telephone 445 2713/0749 (946?) 

WW - 062 FOR FURTHER DETAILS 
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Appointments 


Advertisements 
accepted up to 12 noon 
Thursday, March 1st, for 
April issue, subject to: 
space available. 


DISPLAYED APPOINTMENTS VACANT: £15.50 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £3 per line, minimum £20 (prepayable). 


Cheques and Postal Orders pc^able to IPC Business Press Ltd. 



ALWAYS AHEAD WITH 
THE BEST! 

£5,000-£13,000 

★ Experienced in: Mini/Microprocessor Hardware or Software; Digital 
and Analogue circuitry; RF and Microwave techniques? 

★ Where does your interest lie: Image Processing; Automation; 
Datacomms; Radar; Nav-Aids; Video; Medical: Telemetry; Simulation; 
Satcom; Local Area Nets; Computers; Weapons; Communications? 

★ Thereareoppr"*"-**'—“■■ 


ELECTRONIC COMPUTER NNO MRNRGEMENTHPPOINTMENTS LIMITEO 

148-150 High St., Barkway, Royston, Herts SG8 8EG 




POTENTIAL LEADER Mr SUNNT CAUFORNIA 

An organisation in the San Francisco area is seeking a person 
fully competent in all aspects of software design and produc¬ 
tion, capable of leading others in this field and integrating with 
the hardware development and production groups. 

The organisation and its environment offers advantages for 
advancement and living and disposes of adequate funds to 
ensure that any of its projects can be implemented and profit¬ 
able. 

The ralf-motivating person we seek needs to be capable of 
inspiring others and to possess the determination to bring pro¬ 
jects to the market place. 


Replies to Box No. 1989 


OIPIIAL 


APPOINTMENTS LTD 

THE UK's No. 1 ELECTRONICS AGENCY 


CAPITAL HOUSE 
29-30 WINDMILL 
STREET 

LONDON WIPING 
TEL; 01-637 5551 


Ask for Maurice Wayne 
FIELD SERVICE to £12,000 plus car 
Ask for Paul Wallis 

We have vaesneiet in AU AREAS of the U.K. 
Ask for a Free Jobs List 

Telephone: 01-637 5551 (3 lines) 



C.V. 
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Appointments 


Electro-Acoustic 


Product Development Engineer 


c.£ 11,000 


The advent of digital switching systems allied to the 
rapid development in microprocessor technology 
means that tomorrow’s telephone will provide a 
highly versatile communications medium. “New 
Generation” telephones will incorporate such 
aspects as large scale data memory, automatic call 
and recall options, visual displays, loud speaking 
facilities etc. 

Our client, an international market leader in the 
field of telephone design eind manufacture, is 
committed to an exciting product development 
programme and now needs to stren^hen its 
engineering team through the appointment of an 
experienced Electro-Acoustic Engineer. 

This position will be of interest to qualified 
engineers, degree level or equivalent, with several 
years’ revelant experience in the design and 
development of electro-acoustic products. 
Successful applicants will be expected to 
demonstrate a high degree of design innovation to 
meet the critical low cost requirement associated 
with the high volume production of moulded 
components and small electro-mechanical 
assemblies while ensuring optimum 
acoustic performance. 

This represents an exceptional 


North London 

opportunity to join a small, multi-disciplined team of 
professional engineers working within the 
firamework of a large orgaitisation situated in the 
North London area. In addition to an attractive salary, 
the company offers relocation expenses where 
appropriate. 

RF Development Engineers 

Our client would also like to meet RF Development 
Engineers to work on a future range of Personal 
Communications products incorporating state-of-the- 
art technology up to IGHz. 

Whatever your level of experience, if you are 
qualified to degree level or equivalent and have a 
sound knowledge of analogue r.f. circuit design, our 
client would be interested in hearing from you. 

In the first instance please telephone for an 


_^_iphor 

application form or write with full c.v. stating ii. _ 
covering letter any companies to whom you do not 
wish your application forwarded, to: B. Kelly, 
Moxon Dolphin & Kerby Ltd., 

<u . T 178-202 Great Portland Street, 

/VK )X( )N London WIN STB. 

..K . 


PHIN ref: BK/955/W. 

(SK^BY, 


LTD 


SENIOR 
SERVICE 
ENGINEERS 

(Consumer Electronics) 

Mitsubishi Electric (UK) Limited is a rapidly expatxling and 
very successful division of the multi-national Mitsubishi 
Corporation. 

In orderto maintain and increase our present rate of 
growth we need to appoint additional Sen/ice Engineers to 
work on our wide range of consumer goods, including 
audio, TV. and VMS video products. The appointments will 
be based at our modem Service Depot in Watford and 
offer excellent career opportunities. 

The positions require at least five years experience of 
servicing the relevant equipment but offer opportunities 
for the successful applicant to expand his/her experience 
as the Company grows. Applicants should have a good 
technical qualification, ideally HND/HNC or HTEC Diploma 
(Electronics) and prefera^ some previous supervisory 
experience as well as a high level of self motivation. 

A first class salary package is available including free BURA 
cover and a twice yearly bonus scheme. Please telephone 
for an application form or send c.v. to: 


Iforsonnel and AdministratkNi Manager, 

Mitsubishi Elecbic (UK) Umited, 

Otterspool Wax Watford, Herts, WD2 8LD. 

Tel; Watford 34618. 

Amitsubishi electric 






Charles Airey Associates 

Tempo Houm, 15 Falcon RomI, BtttwMa, London SW112PJ 


ELECTRONICS APPOINTMENTS 
£ 6,000 - £ 16,000 
ANALOGUE, RADIO, MICROWAVE 
DIGITAL, MICROPROCESSOR, COMPUTER 
DATACOMMS, MEDICAL 
Design, Test, Sales and Field Service Engineers - 
to use our free, confidential service and improve your sal- 
• ary and career prospects, UK and overseas, contact: 

^ ^chnomar^ 

11 Westbourne Grove, London W2. Tel: 01-229 9239 
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Appointments 


ENGINEERING 

MANAGERS 

TV Broadcasting 

We are looking for two Engineering Managers, for 
senior positions at our Birmingham and Nottingham 
studio centres. They will be responsible to the Chief 
Engineer for the work of electronic and mechanical 
engineers involved in the evaluation, design, instal¬ 
lation, commissioning and maintenance of technical 
equipment. 

Applicants must have extensive experience of 
modern electronic engineering, including the appli¬ 
cation of digital and computer techniques: a TV studio 
engineering background would be preferred, but 
relevant industrial experience could be of value. 
Suitable candidates are likely to have had a formal 
education leading to a professional qualification, but 
the primary requirement is practical technical know¬ 
ledge and ability. 

A high level of managerial skill and judgement is 
required together with the potential to make a 
significant contribution to the future development of 
the company. Likely age range 35 - 40. 

Theseareseniorappointments,andthehigh salaries 
will reflect the responsibilities involved and the qualities 
expected of the successful candidates. 

Application forms from:- 
The Recruitment Officer, 

Central Independent Television Pic, 

Central House, Broad Street, BIRMINGHAM B1 ZIP 

(Please quote Vacancy No: 115(WW)and state 
preference for Birmingham/Nottingham). 


■CENTRAL. 


CAMBRIDGESHIRE COLLEGE OF ARTS AND TECHNOLOGY 
ARE YOU MAKING THE MOST OF YOURSELF? 

HAVE YOU CONSIDERED 
FURTHERING YOUR TRAINING 
IN ELECTRONICS ? 

We offer: 

CNAA BSc in Electronic Engineering 
A four-year part-time degree for mature students, in¬ 
cludes study of Digital, Telecommunications and Control 
Systems. 

Entry qualifications; HNC or equivalent in Electrical and 
Electronic Engineering or Applied Physics. This degree is 
considered by the Council of Engineering Institutions as 
meeting their C.Eng academic requirements. 

HND in Electrical and Electronic Engineering 
A 2V2-year sandwich course, including study of Electrical, 
Electronic and Communication Engineering, combined 
with control Engineering and Digital Techniques. Entry 
qualifications; 1 A Level in Mathematics or Physics. 

For furthet details and application forms, contact The 
Department of Engineerihg, Cambridgeshire College of 
Arts and Technol6gy, Cambridge CB1 2AJ. Telephone 
(0223)63271. iioosi 



TRAINEE 
RADIO OFFICERS 


I 


First-class, secure career opportunities. 

A number of vacancies will be available in 1983/84 for 
suitable qualified candidates to be appointed as 
' Trainee Radio Officers. 


I lf your trade or training involves Radio Operating, you 
qualify to be considered for a Radio Officer post with 
the Composite Signals Organisation. 


■ 

I 

■ 

I 

■ 

I 


Candidates must have had at least 2 years' radio 
operating experience or hold a PMG, MPT or MRGC 
certificate, or expect to obtain this shortly. 

On successful completion of between 36 and 42 weeks 
specialist training, promotion will occur to the Radio 
Officer grade. 

Registered disabled people may be considered. 

SALARY 8i PROSPECTS 

TRAINEE RADIO OFFICER: £4,357 at 19 to £5,203 at 25 
and over. On promotion to Radio Officer: £5,968 at 19 
to £7,814 at 25 and over. Then by four annual incre¬ 
ments to £10,662 inclusive of shift working and Satur¬ 
day and Sunday elements. ' 


For full details please contact our Recruitment Officer 
on Cheltenham (0242) 21491 Ext. 2269. 


■ Recruitment Officer, Government Communications 
Headquarters, Oakley, Priors Road, Cheltenham, 



INDEPENDENT TELEVtSiON NEWS LIMITED 


£14,000-£17,000 

A vacancy exists in the Electronics Design and 
Development laboratory at UN's Studio Centre 
situated in the West End of London. 

The Section's recent design projects have included 
a state of the art computer graphics system now 
in daily use with UN's programmes, minimal 
bandwidth digital sound and analogue vision fibre 
optic links. 

Candidates for this interesting post should have 
considerable analogue circuit design experience 
related to the broadcasting industry and should 
have academic qualifications in electronic engi¬ 
neering to at least HND standard. 

A salary in the range from £14,000 to £17,000 per 
annum is offered according to experience. A contri¬ 
butory pension scheme and subsidised canteen 
facilities also operate. 

Application forms are available from the Personnel 
Department on 01-637 3144 quoting reference 
number 307002. 

UN is ah equal opportunities employer. 
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CHANCE FOR YOUNG ENTHUSIAST WITH TOP BRITISH MICRO MAKER 


TECHNICAL SUPPORT 
(SALES) 

UP TO £5-7.6K, OXFORD-BASED 


Research Machines is one of the leading British 
manufacturers of microcomputers. Thousands of 
users of our 380Z, ranging from school teachers 
and scientists to technicians and DP 
professionals, regard it as an essential tool of their 
trade. Satisfying their hardware and software 
information needs and solving their problems — 
by telephone and letter — is the first job of 
Technical Support. 

But there’s a lot more to this interesting and 
challenging vacancy than that. In addition to sales 
and technical support to customers, you will also 
give technical support to the sales team; support 
the Sales team at exhibitions and 
demonstrations; provide feedback to relevant 
departments on technical matters and sales 
trends; and liaise between customers and 
maintenance engineers. In the process you will get 
plenfy of opportunity for hands-on experience of 
our range of hardware and software. 


We are looking for a computer enthusiast to join 
this young, small team in our Sales Department. 
The successful candidate will probably: 

□ be capable of programming in a high-level 
language — preferably BASIC; 

□ have a real interest in microcomputing 
and some knowledge of electronics: 

□ be educated to at least ‘A’ level; 

□ have some admin or sales office 
experience. 

Starting salciry is between £5,000and£7,6C)0 
depending on age and experience, and we also 
offer a number of valuable benefits such as free 
BUPA, life and disability insurance, and a 
pension scheme. 

If you are interested in this vacancy please 
contact Polly Keane, by phone or letter, 
for an application form, quoting TS/WW 


RESEARCH MACHINES 

I \1ICROCO\'PLITER.SYSTE\l^ 


RESEARCH MACHINES LTD Mill Street, Oxford 0X2 OBW, Tel; (0865) 726136 ,1999( 


SENIOR RF EN6INEER 

Western Home Counties c£12-£14,000 


Our client is a remarkable company with an enviable record of success and de¬ 
velopment. 

Although they recruit infrequently they have identified a need for one Senior RF 
Engineer. 

Ideally you will have attained Project Leader status and be able to work within a 
highly innovative environment. 

You will have exacting, technical and commercial deadlines to meet and will 
therefore frequently work under pressure within a small department of very highly 
skilled and qualified people. 


The prospects for promotion and career development are excellent as the com¬ 
pany is commercially aggressive and has a number of unique qualities. 

They are part of a successful multinational group covering a range of communica¬ 
tions equipment. 


To discuss this position contact PAUL HECQUET on Lewes (07916) 71271 or write 
with brief C.V. to the address given below. 




The Electronics 
Recruitment Company 


Temple House 
25/20 High Street, Lewes 
East Sussex BN7 2LU 
Tel: Lewes (07916)71271 
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Applications are invited from suitably qualified persons 
regardless of sex, race, colour or national origin for 
’■ appointment to the following immediately available post: 

TELEVISION 
ENGINEER 

R12 252 - R17 880 p.a. 

A vacancy exists in the Central Television Service for a suitably 
qualified Studio Engineer. The University operates two full-colour 
television studios and a campus distribution ^em. 

The main activities are making educational training programmes for the 
University and commerce and industry. Duties include the 
maintenance of television studio equipment, campus distribution 
system and associated equipment. Also studio operation duties as and 
when required. 

Applicants should have a number of years' relevant experience in 
Television Engineering. 

The University offers salary commensurate with qualifications and 
experience plus 13th cheque, pension, medical aid and housing subsidy 
for eiigible applicants, congenial and dynamic environmerrt, continuous 
opportunities for education and training, generous leave. 

There Is a possibility of a salary supplementation. 

Applicants should write to the Deputy Registrar (NotvAcademic 
Staffing), University of the Witwatersrand, 1 Jan Smuts Avenue, 
Johannesburg, 2001, South Africa, giving full personal and career 
details as well as the names and addresses of at least two referees. 
Applications should be lodged by 15th April, 1983. 

UNIVERSITY OF THE WITWATERSRAND, 

JOHANNESBURG (1987 


ELECTRONIC DESIGN 
ENGINEERS 

We are a small highly successful manufacturing 
company specialising in RF communications, digi¬ 
tal and low frequency analogue equipment. 

We require young highly motivated engineers 
wishing to develop their experience. The ideal can¬ 
didate must have complete confidence in his abil¬ 
ity. 

- Starting salary £1 OK -I- (neg). 

- 37y2-hour week. Overtime available. 

- Pay reviews every 6 months. 

- Pleasant working environment. 

- Location near City of London. 

Contact Keith Penny on (01) 250 0894 


TECHNICAL VIDEO SALES 


Rapidly growing video division need sales person to sell sophis¬ 
ticated military airborne video and image processors to U.K. 
Aerospace and Government research laboratories and with our 
agents in Europe. 


) Aerospace or video background. Preference will be 
given to applicants in their early or mid twenties. Salary £9,000 
plus car and other benefits. 

Write for full description and application form to: 


Mrs M. Berrow 

Personnel & Training Manager 
John Hadiand (Pi) Ltd. 
Newhouse Road 
Bovingdon 
Hamel Hempstead 
Herts HP3 0EL 



SALES ENGINEER 

We require a first class sales engineer with experience in test and mea¬ 
suring instruments or microwave components to cover the South East 
and South of England - that is Essex to Hampshire, south of the Thames. 
If you know you would meet our needs - or think you would - we would 
like to hear from you. 

We offer an interesting range of products - life will never be dull - a 
small company atmosphere, a basic salary of £8,500 per annum plus 
bonus and more if you are worth it, together with company car and free 
BUPA membership for you and your family. 

Applications to: Philip Westwood, Managing Director 
WESSEX ELECTRONICS UMITED 
114-116 NORTH STREET, DOWNEND, BRISTOL BS16 5SE 
Talephona: (0272) S71404 


PHONE 

YOUR CLASSIFIEDS TO 

IAN FAUX ON 
01-661 3033 


WIRELESS WORLD MARCH 1983 





































Appointments 


DEVELOPMENT 
ENGINEER-ACOUSTICS 

c £9500 +BONUS 


Senior Engineer required by leading manufacturers 
situated in pleasant South Coast area. To be 
responsible for design and development of electro¬ 
acoustic devices/products for volume production in 
telecommunications or related industry. 

Ideally, applicants (M/F) should be of degree 
standard (with acoustics endorsement) with 
experience of design of transducers for electro¬ 
acoustic applications. However, good experience 
may offset lower academic qualifications. Age 
range 25-40 years. 

Write in first instance to: 


FGMTOM I 

k^CCUTNC iRIGHTON™77^74 


CHURCH ROAD 
HOVE 

SUSSEX BN32FA 


Brompton Hospital 

Trainee 

Medical Electronics/ 
Physics Technician 

We require a Trainee Technician with an interest in medi¬ 
cal electronics. Training and day release to study for 0 
and H TEC will be provided. During the first year the 
technician appointed will be expected to spend at least 
half his/her time working in the Intensive Care Units 
where they will gain experience of the clinical environ¬ 
ment. The work will be of a varied but routine nature. The 
remaining time will be spent in the Department of Medi¬ 
cal Electronics. 

The post is likely to suit those with science 'A' levels who 
have a desire to make a career in medical electronics/ 
physics. 

The post is for one year in the first instance. Salary will be 
according to age and qualifications. 

Further information and application form available from 
Miss J. A. Jenks, Personnel Manager, Brompton Hospital, 
Fulham Road, London SW3 6HP. Telephone: 01-352 8121 
Ext. 4357. Completed application forms to be returned as 
soon as possible. dsss) 



APPLICATIONS ARE INVITED FOR THE POST OF 

SERVICE TECHNICIAN 

AT OUR HEAD OFFICE IN LONDON 


The principal responsibility will be for rnaintenance of multi-standard 
television receivers and video cassette recorders. 

The successful applicant will have considerable experience of colour 
television receiver and video cassette recorder servicing probabiy with a 
major television rental company in the industrial or domestic sectors. 
Knowledge of the V.H.S. format would be an advantage. 

Candidates should be prepared to work with the minimum of supervision 
and be capable of using their own initiative. 

Qualifications are less Important than practical ability but we would 
expect City and Guilds Full Technological Certificate to have been gained. 
The salary will depend upon qualifications and experience. Conditions of 
employment include a 35-hour week, 20 days' holiday per annum, and a 
contributory pension scheme. 


Application forms may be obtained from: Mr. G. J. Atkins, Technical 
Services Manager, Walport Talmar International Ltd., Walpot House, 
62/66 Whitfield Street, London, W1P 6JH. Telephone: 01-631 4373. 12010) 


FIELD SERVICE 
ENGINEERS 

(Based in Italy) 

Exciting opportunities for qualified Electronics 
Engineers to work on the installation and 
maintenance of Television Studio Equipment at 
customer sites throughout Italy and Africa. 

Key requirements are: 

★ A sound knowledge of Electronic Engineering - 
Degree/HNC or equivalent 

★ At least 3 years' experience in a Television 
Studio/Production environment, with specific 
experience of both Quad and Helical Scan, VTR, 
TV Camera and Switcher Engineering 

★ Availability to travel extensively throughout 
Italy and Africa and ability to work on own 
initiative while away from base 

Attractive salary package and other benefits to 
include overseas allowances and relocation 
expenses. 


Please write or 'phone 
IV/I Maureen Brake at: 

AAIVI .^V Ampex Great Britain Limited 


Acre Road, Reading RG2 OQR 

Berkshire, England 

Tel: Reading (0734) 875200 


Satellite Operations 
Coordinator 


The International Telecommunications Satellite Organization 
is a rapidly growing organization offering challenging career 
opportunities and comprehensive salary and benefits pack¬ 
ages which include five weeks' paid vacation and free medi¬ 
cal and dental coverage. 

Position available as Operations Centre Coordinator to assist 
in providing real time guidance to earth stations operating in 
an international satellite communications system. Duties in¬ 
clude network control, system performance monitoring and 
implementation of telecommunications services through 
coordination with domestic and international earth stations 
and telecommunications entities. 


Applicants should have 3-5 years of experience in satellite 
earth station operations or international communications 
network control facilities at a supervisory or senior techni¬ 
cian level. A strong background in satellite system opera¬ 
tions with recent maintenance experience and technical 
training are required. The ability to engage in effective liai¬ 
son with international telecommunications entities and 
acceptance of shift work assignments are required. 


Position is based in Washington D.C. For more information 
about this exciting opportunity please forward your resume 
including salary history to: 



INTERNATIONAL 
TELECOMMUNICATIONS 
SATELLITE ORGANIZATION 

ATT: Personnel Department Box C 

490 L'Enfant Plaza S.W. Washington D.C. 20024 

(2004) 
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SITUATIONS VACANT 


Medical Physics 
Technical Officers 

Saudi Arabia 

c.£13,500-£18,000 p.a. inc. tax free 

Allied Medical Group are the British consultants to the prestigious Riyadh Al- 
Kharj Hospital Programme in Saudi Arabia which provides the best of health care to 
the armed forces of Saudi Arabia and their families. The two hospitals which 
comprise the Programme - totalling approximately 660 beds - are new, superbly 
equipped, mainly U.K. staffed and enjoy a full range of paramedical and other 
support services. Within the next three years the Programme will expand to 1,000 
beds and will become a principal referral centre in the Kingdom. 


The Bio-Engineering Division, within the Medical Physics Department, is 
responsible for servicing a wide range of bio-medical equipment. We are now 
seeking Medical Physics Technical Officers to specialise in the maintenance of an 
extensive range of laboratory equipment covering clinical chemistry, haematology, 
microbiology and histo-pathology. Most of the equipment is maintained within the 
well-equipped workshop with sophisticated items being handled in conjunction 
with service agents. 

Applicants should possess an HNC or equivalent qualification in electronics 
or another appropriate subject with at least 2-3 years' experience of maintaining 
hospital laboratory equipment. Three years' post-qualification experience would be 
an advantage. 

Quote Ref; RKH462 

I Junior and senior posts have also arisen within other areas of the j 

I mechanical workshop and more general applications are invited. \ 

Quote Ref: flKH 463 _| 

Posts are offered on a two year renewable contract basis and attract one of 
the best benefits packages in the Middle East. 

For further details please write, quoting the appropriate reference number to: 
Theresa Sutherland, Senior Personnel Officer, Allied Medical Group, 18 Grosvenor 
Gardens, London, SW1W ODZ. Alternatively, call our 24-hour answering service on 
01-730 5339, quoting appropriate reference number. 

All applications will be dealt with in the strictest confidence. 

ITnFORM^ OreN DAYS - SCOTLAND 

Please come along and see us. We'll be able to answer all your 
I questions about living and working in Saudi Arabia. 

Location Time 

j Wednesday, 16th March North British Hotel 2-8pm 

' George Square, Glasgow 

(T) / I Thursday, 17th March North British Hotel 2-8pm 

A^M I_ Princess Street, Edinburgh_ 


illicd Medical Group 









ENCAPSULATING EQUIPMENT F(» 
tmufonnen, componeats, dfgaw i n g 
nibber, min, epoxy. Lo« vni emmg fi 

1. - - __ , -^ coils, 1 

-..uipmeni, I 

■ CRT reguoning- 

_elopmcnt. Banatis, Mxyo 

d, Croydon CR02QP. 01-684 9917. (9678) 

VALVES, PROJECTOR Lempt, 6000 types, list 
£75, sracid wide anon. Cox Rxdio (Sussex) Ltd., 
The Psisde, EsstWittering, Sussex. Phone (024 
366)2023. (1991) 


1 of latest plant and equip- 

_price. Westem-Whybitw 

The Square, Marazion, Coniwall. 


rovkiea a physical scisnesa asr- 
)ber of clinical depaiunsnta In Iha 
I. ns rsquirs a tachnician to join our 
Ilea aamclng group. TMa work inchidaa 
Intananco and aarvicing of a variad 
of madical afactronlc aquipmant and 
a8 aapacta of patiafit oriantatad aquip- 
oni fixad Inatallationa to areal pot^ 


Ivantaga but candidataa wHh HM Forcaa’ 
iparionca or having a good background of TV 
Kviclng ara ancouragad to apply, 
n ONC/HNC or aquivalont qualification, fol- 
wad by at laaat thraa yaara' tachnical axpar- 
- -d. Tha appointmantwill ba r- 


Panonaal DaaaskaaM, Man Sharidaa Hanaa, 

Say's HaapItaT, Stlhaaua' SDmI, Loadaa tfl 
mt. Talaghona: 11-417 7W Exia 3471 qaadai 


4th March, 1983. 


PRESTON POLYTECHNIC SCHOOL OF 
ELECTRICAL AND ELECTRONIC ENGI¬ 
NEERING. Appheationa are invited for the post 
of Seniot Labotatoiy^oekabop Technioan. 
Salary Scale: T3/4 (DL^ £5973 to £7545 phis up 



_ ___West Suss_ 

salaries offered. Please ring David Bird at Keou-- 
fuaion Radio Systems on 01-874 7281. (1162. 
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RACALCOMMUNICATIOI^^ 

RECEIVERS 

_ „Mc/i IMIiz wide. Mm - £175.' 

Mim-£225.A^ 



iz" -’fioq'to £2 




maim 100 - 2S0AC. new and boxed - £40. 
MCM. COUNTU 836 (90361 32nc/l ni_ “ 

nXi^ru cossm'^m 

Twin Beam - Solid State - £175 with- 

TEXIMMC OtCUOtCOK 647 and 647A SM 
Stata - 50mc/i -«c« 


MCM.COUNTBI801 M-12SMc-S£S0. 

MABE MIINSinEIIS - Mullard - G.E.C. 

E.E. Type XX 1060 vety high gain seK-tocusing 
image intonailier ataombly for nijht vi^ 
tvftsms. Minimum luminance gam 35^. 
Suppiiad as received from Government 
supMies in original box (used) with data sheets 
-£12ea.lPaP +VAT°£5.25). ... 

All itema are bought direct from H.M. Govern¬ 
ment. being aurplua equipment Price ia ex- 
worlta. SAE for all anquiriaa. Phone for appomt- 


Perforated Metals - 
Screens, Plastics, Wire 
Meshes, Sifting Media, 
Cable Tray, Gratings, direct 
from Manufacturer’s Stock. 
We can cut to size. 


GRAEPEL PERFORATORS 
LTD 

UnHI-B. CHARLES STREET DeptWS. 

WALSALL. STAFFS WS2 BlZ 
Tel. 0922 611644/611414. Telex 336291 


POWER V MOS-FET 
TECHNOLOGY 


it Printed circuita and kita. 
yy Data booka and application notea. 

* Oaaign, evaluation and advice aervico. 
Cataloguo/aample data sent free (Mp atar 
appraciated towarda poat and packing!. 
Phona BB14 2W and aak 

AUDIO TECHNOLOGY 

Freepoet, Church CmkiM 
AU4.«h«a. Heirte. QU13 OBR 


DC-DC CONVH^l. 5V 

SOmV pk-pk, mcaauriiix 35i 40i 19mm. £10 e«h 

h.n. taytTm. 208 or 01-997 9708 eves. (2013) 


Classified 


We’d like to read 
your autobiography 

And this is your chance to write it Just register your career data with us and our 
sophisticated computer bank does the rest Using complex matching techniques, 
we scan the register every day to see which of the many vacancies suit you 
exactly. Once the right one - or more - has been identified, our clients contact 
you direct. It’s the fastest most effective way of putting two decision makers 
together and it’s free! 



Enough said. 

As an ambitious Electronics Engineer; you can’t devote as much time to furthering 
your career as you’d like to - so why not let someone else do it on your behalf? 

Simply complete the coupon and you’re on your way to a new, more rewarding future. 

A selection of some of the current vacancies we have for qualified people are: 

Senior Design Engineers • Chief Engineers • Project Leaders/PlEinners 
• Engineers: ATE/Applications/PaokEigmg/Test/Design & Development 
(Satellite CommsVQuaJity/Systeins/Software/Haxdware/Microwave/ 
Semi-Conductor/Sales/Customer Service/Audio Communications 
Salaries range from £6000-£16000, with ages from 20-40, at various locations in the UK. 

As an example. Digital, the worlds leading minicomputer 
manufacturer has asked us to look for a Principal Hardware 
Engineer A degree and 10 years experience, 6 in computer 
related design, are required. 

Tb be considered for this and other important career positions all you need to do is 
post the coupon today to Stuart ’Ihit, The Lansdowne Appointments Register 
Park House, 207 The Vale, London W3 TQB. ’Ifel: 01-743 6321 (24 hr answering service). 

All posts are open to men and women and our service is completely confidential 
for companies and jobseekers. 

(1978) 


tiililwwite 

I Appointments Register 



Obaoletc stock of three MFE 6-chuuiel Heet-tm 
Strip C^ut Rccorden phis 30 12v DC Soleiioid 
Vtlves. - Ring 0788 61638. (1996) 


illustnted catilow (including £1 
Weirmewl Ltd. 129 St. Albtms Reed, Wttfori, 
Herts. Tel; 1^^01x1(0923)49456. (1974) 


OI^AATZ CRYSTALS IN 24 HOURS 

Al(^liFIEQUENCY 2-50 MHz FOR £ 4 inc 

New fasljerviee for C.W.O. only (state holder style). 
Clock oscillators for microprooessors in stock from £9.30. 


TO MANUFACTURERS, WHOLESALERS 

BULK BUYERS, ETC. 

LARGE QUANTITIES OF RADIO. TV AND 
ELECTRONIC COMPONENTS FOR DISPOSAL 

SdMICONDOCTUFfS; all types, INTEGRATED CIRCUITS, TFWNSISTORS, 
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. 
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA¬ 
MICS, PLATE CERAMICS, etc. 

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, 
CABLES, SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFOR¬ 
MERS, etc. 

AU AT KNOCKOUT PRICES - Come and pay us a visit ALADDIN’S CAVE 

TELEPHONE: 445 0749/445 2713 

BROAORELOS & MAYCO DISPOSALS 
21 Lodge Lane, North Rnchley, London, N.12 
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Classified 


ARTICLES 




Abu Dhabi Marine Operating Company (adma-opco) 


J 


OIL COMPANY 

REQUIRES ARAB TELECOMMS PERSONNEL 
TO WORK IN THE 
UNITED ARAB EMIRATES IN 
ONSHORE AND OFFSHORE LOCATIONS 
AGE RANGE 25-45 YEARS 

A long-established major oil company operating in the United Arab Emirates is seeking to 
augment its employees to meet its expanding needs by the recruitment of a number of 
Telecommunications Engineers and Technicians to work in a wide range of disciplines. 

ENGINEERS should have a Degree or qualification in Telecommunications, with at least 
five years' experience in a large communications organisation in the installation and 
repair of some of the following: 

Tropospheric Scatter equipment; Microwave Radio Relay; FDM/TDM Multiplex; MF, HF, 
VHF, and UHF Radio; Telephone Exchanges using stored programme control. 

TECHNICIANS should have Part II City and Guilds Telecommunications Certificate or 
equivalent with at least three years' relevant experience. 

SALARY will depend on relevant experience, but in the following ranges: 

ENGINEERS: Dh. 94,100/-to Dh. 116,300/- per annum. 

TECHNICIANS: Dh. 81,800/-to Dh. 101,300/- per annum. 

£ is approximately 6.2 Dh. 

OFFSHORE POSTING (Das Island and Platforms) will be on bachelor status with free 
messing and accommodation with generous leave scheme. 

ONSHORE POSTINGS (Abu Dhabi town) will be on bachelor or married status with free 
furnished accommodation. 


APPUCATIONS with CVs and copies of educational and experience certificates should be sent to 
both: 

Senior Personnel Officer (CPA) Department of Petroleum 

ADMA-OPCO ‘ ‘ 

Abu Dhabi 

United Arab Emirates 

More information can be obtained from Snr. Personnel Officer (CPA) on request. 

Priority in employment will be given to UAE Nationals. 

(1997) 


Depart nr 
P.aBox9 
United Arab Emirates 


PRINTER STANDS 
andTRAYS 



HANDSOMELY CRAFTED ir 
^ PSS for Microline 80/12/63. Epson MXSO. 
Sheikosha 6P100. etc. 

niJS -f Q 50 p p -f VAT 
A PSl for MicroKne 84, Epson MX82/100, 

etc.£tM6 +£3.50 p.p. +VAT. 

if POT Tray for Fanfold paper up to 12in. 
_ \W9 per fold £1U6 O.SO p.p. + VAT. 

ITD 


tcks h PANEL LABELS to yi 


INTEGRATED 30+30 WATT STEREO 
■‘-‘HRS. SnuU quantity of full spec ILP 
W fully ptdoged mplifien for sale. 


Kincardineshire AB3 4DD. 


W^i^Gbsad Lodge, Btach^, 


fROTOTYPE ELASTIC CASINOS, vacuum 

urmed to your requirements. Four-D Ltd., 25 
Burnett Park, Harlow, Essex. Phone 0279 29240. 

(17:5) 


BILLINGTON VALVES 

We are an established Valve and vintage service. No one should miss our 
new valve list (1,000 types) available on receipt of an SAE. 

Our speciality is the supply of rare/extinct vintage radio valves, we also have huge 
Mocks of 'industrial' valves. Every popular typo listed at comp^ive prices. 

We are keen to clear the following and have reduced our retail list price. 
Trade/bulk inquiries invited. 

to/254M, S8/256M, 5«4,6BH6,6CH6,8F11, BF12, eF33,10F18,12E1, 
1®”®' CV«>2< DA42, DET22, EB91, EC91, ECC81-2-3 high quality, EF37A, EF92, 
EY84, G232, G237, G1802M, KTa6, OA2WA. PCC189, QV2-250C, SIIEli, UW1. 

Used and high quality versions available. 

We also stock transistors. Tradofbulk inquiries only stating specific re¬ 
quirements. 

Please send 10p + SAE for our clearance list of radio components. 

Mailing address only (no eallors): BILUNGTON VALVES, 23 kwin Drive, 

Horsham, W. Sussex RH121NL 

Special Offer: New 12E1 valve £16.40 plus 40p post. 

(1992) 


TMCKBAUI 


computer. The unit Incorporatet a high 
-lualtw bal alsMmbly and haa aelf<on- 
tined logic. A atandard TTL level in- 
•’•'’‘(shaking ii provided, 
S232C available as an option. Encoded 
pad option available giving 3/8 

Pricing; gialc Unit £129; RS232 option 
Encoded 8 Kay Pad £30 

detalla to: PDCa-PLUS, 
2 Lupbi LE10 2UJ. 
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THE SCIENTIFIC 
WIRE COMPANY 

P.O.Box 30, London, E.4 
ENAMELLED COPPER WIRE 


Xta34. 3Ji IJi Ji 

35tD40. 3.41 2JI 1.1S 

4118 43.- ATI 2JI 2JI 

47. tJ7 SJ2 119 

4ate41-. 1SJI US Ui 

SILVER PLATED COPPER WIRE 

14 to 30.. UI in US 

TINNED COPPER WIRE 
141030.. UI 130 134 



LiNSLEY HOOD 
DESIGNS 

7&-100W AMPLIFIERS 
AUDIO SIG. GENERATORS 
DISTORTION ANALYSERS 
SAE for leaflets 

TELERADIO ELECTRONICS 

325 Fora SL, Edmonton N9 OPE 

TEL: 807 3719 <i 762 ) 


WANTED 

Test equipment, receivers, 
valves, transmitters, compo¬ 
nents, cable and electronic 
scrap, and quantity. Prompt 
service and cash. Member of 
A.R.R.A. 

M & B RADIO 

86 Bishopsgate Street 
Leeds LSI 4BB 


WANTED 

Scrap and re-usable mainframe 
computer and industrial electronic 
equipment. 

nears, Orford, Woodbridga, Suf¬ 
folk. Tel. 039-46 328. 

(17201 


SURPLUS 

Top prices paid for surplus, rot_ 

and obsoleto test equipment, factories 


Also quantities of components. 
i~~-diat 0 settlement. We will ci 
I in the United Kingdom. 


04 Alfrislea Gardens 
nllino, SaMkaieetea S02IHI 
Tsiepheee: (07091431323 


WANTED 

Redundant/surp(u8 e(eMron(c compo- 


191/103 London Reed 
Romford, Essex 
Romford 44473 
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-CLASSIFIED ADVERTISEMENTS- 

Use this Form lor your Sales and Wants 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

To "Wireless World" Classified Advertisement Dept, Quadrant House, The Quadrant Sutton, Surrey SM2 5AS 

• Rate £3 PER LINE. Average six words per NAME. 

line. Minimum £20 (prepayable) 

• Name and address to be included in charge if ADDRESS.- 

used in advertisement 


• Box No. Allow two words plus £3 



PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 
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The world’s most achmnced low-cost bench multimeter 

/ Thurlby 1905a £298+vat 



A complete high performance bench DMM 

• 51/2 digits: 0 015%; 1 /^V, 1 mO, 1 nA. 

• Full ac and current functions as standard 

A sophisticated computing and iogging DMM 

• Linear scaling with offset; null/relative 
f Percentage deviation; running average 

• dBV. dBm, general logarithmic calculations 

• Limits comparison: min and max storage 

• 100 reading timed data logging 

Thurlby Electronics Ltd IIFru — iiTl « 

Coach Mews, St. Ives, Cambs. PE174BN III I “UFIpy/ 
Tel: f0480163570 V A 


INDEX TO ADVERTISERS 

Appointments Vacant Advertisements appear on pages 110-119 





120 


WIRELESS WORLD I 

























































For colour brochure contact: 



I Single detector head covers wide 
frequency and power band 
I 25MHz to 1GHZ ■ 20mW to 100W and 
VSWR from 1 to 3 

I Head can be used 1.5m from meter 
(e.g. inside closed car boot) 

I Fully portable-works from internal 
battery or vehicle battery 
I Mains adaptor/charger and rechargeable 
battery available 

I Manufactured, tested and inspected to 
Min.Def. Std.0524. 


FARNELL INSTRUMENTS LIMITED 
WETHERBY LS22 4DH 
TELEPHONE (0937) 61961 
TELEX 557294 FARIST G 








from 

itniiipijri 

Look at these examples 
from our huge range. 


Code 

Description 

Cat. 

Retail 

Min. 

Price 




Price 

Trade 

Each for 




loci. 

Qnty. 

Min. Tr. 




VAT 


Quantity 
excl. VAT 

XB54J 

Aerial Rotator 

25 

£39.95 

5 

£29.00 

YGOOA 

Ni-Cad AA 500mAh 

26 

£1.25 

50 

75p 

FB15R 

Electrolytic 2.2uF 63V 

90 

lOp 

500 

4.5p 

FB22Y 

Electrolytic lOuF 25V 

90 

9p 

1000 

3.5p 

FB49D 

Electrolytic lOOuF 25V 

90 

14p 

500 

6.5p 

FB73Q 

Electrolytic 470uF 25V 

90 

30p 

250 

12p 

FBS3E 

Electrolytic lOOOuF 25V 

90 

40p 

250 

17p 

FB96E 

Electrolytic 4700uF 25V 

90 

£1.25 

50 

58p 

YG41U 

27MHz Rubber Duck 

99 

£4.75 

25 

£2.95 

XG13P 

1.5m CB Aerial 

99 

£13.95 

5 

£8.45 

LB72P 

2-Station Intercom 

102 

£8.75 

10 

£4.95 

HF85G 

Win. Jack Plug plastic barrel 

142 

19p 

500 

9p 

HF88V 

Win. Jack Plug stereo plastic barrel 

142 

28p 

250 

15p 

HF87U 

Win. Jack Plug metal barrel 

142 

39p 

250 

18p 

HF89W 

Win. Jack Plug stereo metal barrel 

142 

45 p 

250 

22p 

RW67X 

13A nylon Mains Plug British 

157 

79p 

100 

45p 

WL27E 

LED 0.2in. Red 

182 

12p 

500 

6p 

WL28F 

LED 0.2in. Green 

182 

19p 

500 

lOp 

WL29G 

LED 0.2in. Orange 

182 

33 p 

250 

19p 

WL30H 

LED 0.2in. Yellow 

182 

17p 

500 

9p 

RK07H 

Panel Meter lOOuA 

197 

£2.95 

25 

£1.95 

RK09K 

Panel Meter 1mA 

197 

£2.95 

25 

£1.95 

RK19V 

Panel Meter VU 

197 

£2.95 

25 

£1.95 

YQ47B 

Dual VU Meter 

197 

£3.90 

25 

£2.30 

YR84F 

Professional Plugblock 

201 

£6.95 

10 

£4.95 

RX96E 

20mm Fuse Holder 

250 

45p 

250 

24p 

MIOR-MIM 

Metal Film 0.4VI/ 1% Resistor 

262 

2p 

1000 

Ip 

FW00A-FW09K 

Rotary Potentiometers linear 

265 

45p 

250 

32p 

FW21X-FW29G 

Rotary Potentiometers log 

265 

45p 

250 

32p 

QL80B 

1N4148 

270 

4p 

1000 

2p 

QL22Y 

741C 8-pin DIL 

270 

23p 

500 

12p 

QH66W 

NE555 

270 

21p 

500 

12p 

QQ06G 

4164 64K dynamic RAM 

271 

£5.99 

100 

£3.84 

BL18U 

DIL Socket 14-pin 

336 

Up 

500 

7.5p 

BL17T 

DIL Socket 8-pin 

336 

9p 

1000 

4.5p 

WF14Q 

Stereo Headphone with 
slide volume controls 

342 

£7.99 

10 

£4.95 

FHOOA - 

Sub-min Toggle Switch SPOT 

347 

70p 

100 

45p 

W04E 

Sub-min Toggle Switch DPDT 

347 

99p 

100 

59p 

FF73Q-FF76H 

Rotary Switch break before make 

348 

74p 

100 

46p 

FH42V-FH45Y 

Rotary Switch make before break 348 

70p 

100 

42p 

YW93B 

ICKX) ohm per volt Multimeter 

362 

£4.85 

25 

£2.95 

YW68Y 

20,000 ohm per volt Multimeter 
with Transistor Tester 

363 

£16.25 

5 

£10.45 

BR75S 

Box-joint Insulated 4Win. Cutters 370 

£6.93 

10 

£4.45 

BR78K 

Box-joint Insulated 4Win. Pliers 

371 

£5.72 

10 

£3.95 

Retail prices guaranteed until 12th February 1983. Quantity prices shown a 

re subject 

to change without notice. Please check with us before ordering. 




rmr 


rmi 


Most items in our catalogue are available at competitive trade prices; the bigger the 
quantity the better the price. If you find the example prices attractive, then contact us 
now with your requirements for a quotation. Phone Southend (0702) 552911 orwrite to 
IS at P.O. Box 3, Rayleigh, Essex, SS6 SLR. Please ask for trade sales desk. 


Copies of our catalogue are available In all branches of W.H. Smith, 
price £1.25. In case of difficulty, send £1.50 to our mail-order 
address. Overseas price £1.90. 

Maplin Electronic Supplies Ltd. 

All mail to P.O. Box 3, Rayleigh, Essex SS6 SLR. Tel. (0702) 552911. 
Shops at 159 King St., Hammersmith, W6. Tel. 01-74S 0926. 
Lynton Square, Perry Barr, Birmingham. Tel: 021-356 7292. 

264 London Road, Westcliff-on-Sea, Essex. Tel. (0702) 554000. 
Shops closed all day Monday. ww/3/83 
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FURTHER DETAILS 




























